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PREFACE 


The National Power Survey of 1970 has been a massive undertaking in 
which the Federal Power Commission has had the aid and cooperation of all 
segments of the United States electric power industry, many governmental 
agencies and concerned individuals. The report projects electric load growth 
over the next twenty years, and discusses changing power technology, growing 
concerns for all developments, including use of resources and various impacts 
on air, water and land, increasing problems in meeting schedules for needed 
new power facilities, power plant fuel supply problems, and the probable effect 
of these on the cost of power. 

Shortly after the last National Power Survey was completed in October 
1964, work on the present survey was initiated with the appointment of a 
reconstituted executive advisory committee, an advisory committee on under- 
ground transmission, a committee on reliability of bulk power supply, and six 
regional advisory committees to aid in load growth analysis, coordination among 
utilities, studies of increased power supply, planning for additional generating 
facilities, and reliability of bulk power supply. Later, technical advisory commit- 
tees on generation, transmission, distribution and load forecasting methodology 
and a task force on environment were established. The membership of these 
committees and of the task force was broadly representative of all segments 
of the electric power industry and of groups in government, the electric utility 
industry and the public concerned with environment. The members of all of 
these groups are listed at the end of this volume. 

While acknowledging with gratitude the assistance rendered by these groups, 
the Commission alone takes responsibility for its report. 

The National Power Survey is reported in four parts. Part I contains the 
report of the Commission and the independent report of the ‘Task Force on 
Environment. Parts II and III contain the reports of the six regional advisory 
committees. Part IV contains the reports of the technical advisory committees on 
generation, transmission, distribution and load forecasting methodology. ‘wo 
advisory committee reports, Underground Power Transmission, April 1966, and 
Prevention of Power Failures, Volume II, June 1967, have been given wide distri- 
bution as separate publications. 

The Commission’s report is intended to serve as a general long-range guide 
rather than a directive or firm plan. It illustrates possible patterns of efficient 
development based upon assumptions outlined in the report and with the passage 
of time, modifications to reflect variances from the assumptions will be in order. 
For example, if fast breeder nuclear reactors should be developed earlier than 
the present target dates, or if the price of fossil fuel should increase more than 
projected, the estimated generation from fossil fuels in 1990 might be diminished. 
In a reverse situation, the use of fossil fuel generation might be increased. 

For a closer look at the problems and opportunities during a more imme- 
diate period, attention is invited to the reports being filed annually with the 
Commission by the nine Regional Electric Reliability Councils, responsive to 
Commission Order No. 383-2 issued-April 10, 1970. These reports include esti- 
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mates of loads, and projections of generation and transmission facilities to be 
installed by all segments of the industry for a ten year period into the future. 
The Commission expects to make timely supplements to the National 
Power Survey within the limitations of appropriated funds so that there will 
be a continuing assessment of electric power needs and capabilities in the 
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CHAPTER 3 
THE PROJECTED GROWTH IN THE USE OF ELECTRIC POWER 
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CHAPTER 4 
FOSSIL FUELS AND FUEL TRANSPORT 
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CHAPTER 1—SUMMARY 


Assessment of the U.S. Electric Power Situation 


General 


Mounting demand, sharply rising costs and 
changing social values have combined to place 
unusual stresses on the U.S. electric power in- 
dustry. This is evident from the strained power 
supply conditions in many parts of the country 
and from numerous current proposals for in- 
creased rates. The Federal Power Commission 
believes that these developments, serious in their 
own right, may be merely a prologue to future 
events. We foresee recurrent and _ spreading 
power shortages unless positive steps are taken, 
and taken soon, to remedy conditions which are 
slowing the orderly development of essential 
power supplies, Similarly, we foresee electricity 
prices forced to rise, rather than decline as has 
been the general experience in the past. The 
cost pressures that result from ever more rigo- 
rous environmental protection criteria can only 
be partially offset by technological advances, 
and we see no significant relief from the upward 
market pressures on fossil fuel costs and the ef- 
fects of general cost inflation. Since utilities 
have a large base of embedded capital invest- 
ment which acts to dilute the immediate effect 
of inflated investment in new facilities, and also 
because of time lags in rate adjustment proce- 
dures, the unusually severe cost increases experi- 
enced by utilities over the past several years are 
just beginning to be translated into rate in- 
creases; thus their full and inevitable impact re- 
mains to be felt by the consumer. 

It is already too late to avoid some further 
difficulties. Power facilities cannot be built over- 
night and so it will take time to correct present 
inadequacies in generating capacity and trans- 
mission. While the pattern varies across the 
country, the outlook for the several years imme- 
diately ahead is largely fixed by the momentum 
of past events. What is highly uncertain, and in 
our judgment critical, is the longer range out- 


look. Simple extrapolation of the many problem 
areas of the moment would lead to a bleak 
long-range outlook. If, however, the pluralistic 
industry, the increasingly active citizen groups, 
and diverse governmental interests all face these 
problems realistically, avoiding simplistic ap- 
proaches to intrinsically complex matters, there 
is reasonable prospect that the challenge of the 
nation’s power needs can be met. 

None of these individual problems is either 
unique or unmanageable. It is, however, the 
present concurrence of manifold problems and 
opportunities (discussed hereafter) and the 
broad range of their effects which now challenge 
this largest of the nation’s industries as never 
before. It is therefore timely and essential that 
the public see the overall picture in the clearest 
possible form. 


Areas of Problems and Progress 


There are many reasons for the tangled 
picture of the moment. New and needed power 
capacity has been delayed by such varied factors 
as: manufacturing quality control; labor dis- 
putes and low productivity at plant sites; in- 
adequate forecasting; insufficient advance public 
disclosure; changing regulatory standards; inade- 
quate research and development; litigation and 
licensing delays. Most of these problems can be 
solved. But another prime reason for concern 
about the future is that contradictory public at- 
titudes about electric power are presently on a 
collision course. Today, as in the past, the de- 
mand for electricity is growing at a faster rate 
than the population and the national economy, 
and requirements for new power facilities are 
therefore constantly growing. At the same time, 
and despite increasing efforts of public agencies 
and the industry itself to protect the environ- 
ment, today more than ever before the construc- 
tion of new power facilities is being challenged 
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on environmental grounds. Some vitally needed 
power projects have been delayed or blocked on 
this account while the growth in demand for 
electricity has continued unabated. Something 
has to yield in such a situation, and what has 
been yielding has been the margin of assurance 
of electrical service. Voltage reductions and a 
few localized blackouts occurred in several of 
the nation’s major urban areas during recent 
years when utilities were obliged to reduce or 
shed load during peak demand periods to avoid 
system overloading. The end is not yet in sight 
in certain critical areas, although in the most 
critical areas generating reserves have improved 
during 1971 and will continue to improve if 
current construction projects can be completed 
on schedule. 

To see this problem in proper perspective it 
is important to keep in mind the fact that the 
job of supplying electricity involves some rather 
special considerations. One stems from the fact 
that, unlike most other staples used in daily life, 
electricity cannot be stored on the shelf to be 
drawn upon as needed. Quite literally, it must 
be produced on demand—i.e., generated, trans- 
mitted and distributed in the precise amounts 
utility customers require and at the precise time 
they summon it. Further, this is essentially an 
instantaneous process with only milli-seconds 
elapsing between the time raw energy is con- 
verted into electricity at the power plant and 
the time that same electricity is delivered to the 
consumer, be he tens or even hundreds of miles 
away. 

The total instantaneous demand—i.e., the 
sum of the needs of all of the utility’s customers 
at a given instant of time—is highly variable, 
tending to be at its lowest point in the early 
morning hours, to build up during the day, and 
then taper off as night approaches. It is different 
on weekends than on weekdays, and varies also 
with the changing seasons. Nationally, there is 
diversity of demand among regions. In the rare 
situations in which a utility has had insufficient 
operable plant capacity to meet its peak de- 
mand and cannot fill the gap by drawing on the 
reserve capacity of other systems, the utility—if 
the gap is small enough—may be able to bridge 
it by calling for voluntary curtailments or by re- 
ducing the voltage at which it supplies electric- 
ity to its customers. Such measures have the ef- 
fect of spreading the available amount of 


electricity among the utility’s customers, and if 
the voltage reduction is small, it generally has 
no significant effect on most of the uses electric- 
ity serves. However, utilities cannot reduce vol- 
tage beyond a certain point for too long a time, 
lest electrical appliances designed to operate in 
a narrow voltage range be damaged. If a utility 
reaches the point where it cannot safely reduce 
voltage enough to bridge a supply gap, it has no 
alternative but to shed load—i.e., temporarily to 
discontinue distribution to a particular class or 
locality of service. When this step must be re- 
sorted to, it is normally done in accordance with 
a pre-established contingency plan which takes 
into account priorities of community and 
human needs and efforts are made to distribute 
the burden as uniformly and equitably as possi- 
ble, with a minimum of inconvenience. 

Thus under strained conditions following vol- 
tage reduction a utility has various limited rem- 
edial steps, including appeals for voluntary 
curtailment. But with respect to any one cus- 
tomer, the supply options are either to furnish 
essentially all of the electricity the customer 
calls for, or, when a shortfall of capacity so re- 
quires, none of it. There is no in-between. 

A second special consideration affecting the 
job of supplying power is the fact that it takes a 
number of years to plan and build major power 
facilities, during which time the demand for 
electricity grows. The relationship between the 
amount of reserve capacity usually maintained 
by a utility and the rate at which its system 
load grows is such that significant delays in the 
completion of major new generating units rap- 
idly erode the utility's reserve margin and 
thereby weaken its supply capability and de- 
grade the quality of its service. 

Deterioration of the quality of electrical serv- 
ice is but one result of delays in building new 
capacity. Delays also impose substantial cost 
penalties. They extend the period over which 
utilities must carry the burden of fixed charges 
on investment in uncompleted and _ therefore 
non-productive facilities; they prolong utility ex- 
posure to construction cost escalation; and often 
they necessitate expensive substitute power sup- 
ply arrangements. These extra costs are incurred 
by the utility but in the final analysis it is the 
electricity consumer who pays the bill. 

The concern of the public and the industry 
about environmental questions is affecting 
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power costs in other, more direct, and even 
more substantial ways. For one, utilities must 
spend progressively larger sums on environmen- 
tal protection and appearance-improving fea- 
tures of power installations. For another, the 
fossil-fuel sources on which they can draw are 
being progressively narrowed by regulations re- 
quiring the use of low-sulfur fuels, which are 
presently in short supply and have been com- 
manding stiff premiums. It may well be true, as 
some contend, that the public is prepared to pay 
substantially more for electricity in the interests 
of reducing the environmental effects of power 
operations, and, if so, the price effects of these 
new costs may be accepted by the rate payer 
without serious challenge. As matters now stand, 
however, not enough time has passed for the 
true impact to be felt and so the question is still 
at issue. It will take even more time to obtain 
conclusive experience with the protective meas- 
ures being taken. Thus in these fundamental re- 
spects, as well as in the economic side effects, 
the outlook is not clear. And, it is already clear 
that the consequences flowing from the Calvert 
Cliffs decision (requiring the Atomic Energy 
Commission to review all environmental aspects 
of nuclear power plants) of July 1971+ cannot 
yet be fully measured in terms of the added 
time for analyses and procedures and, perhaps, 
added environmental controls needed to con- 
form fully with the National Environmental 
Policy Act of 1969. Furthermore the nation’s 
electric power program of the next two decades 
is critically dependent on successful introduction 
on schedule of tremendous increments of nu- 
clear power. 

The cost pressures stemming from the infla- 
tionary trend of the national economy and the 
fossil fuels market have been further com- 
pounded by the trend of higher environmental 
costs. The unusually high interest rates of the 
past several years and the still-continuing rapid 
escalation of construction costs have had heavy 
impact on the power industry (the most capi- 
tal-intensive and one of the fastest growing of 
all major U.S. industries). There is some offset 
in the prospect of long-term fixed investments 
being paid off in dollars of declining value. 

Fortunately, there is a positive as well as a 


1 Calvert Cliffs Coordinating Committee, Inc. v. AEC, 
No. 24, 839 (D.C. Cir., July 23, 1971). 


negative side to the present electric power situa- 
tion. The technology of power continues to 
show remarkable vitality, and there has been a 
great deal of solid industry accomplishment in 
recent years. System inter-connection and power 
pooling has been greatly strengthened with re- 
sulting increases in reliability. Through com- 
bined industry effort and coordination under 
the Federal Power Commission’s Order No. 
383-2, the planning of system expansion is 
now beginning to be approached on a more 
highly coordinated basis. Rapid progress has 
been made in the application of nuclear power 
to base-load generating service, and there has 
been progress in use of pumped storage and gas 
turbines for peaking service. Gains have been 
made in extra-high-voltage power transmission, 
in design of transmission towers and distribu- 
tion substations, and in the undergrounding of 
distribution lines. Many of these advances con- 
tribute importantly to improved environmental 
quality. Additionally, there is a new awareness 
of the vital importance of research and develop- 
ment, and there are signs that the industry is 
recognizing the need for larger expenditures and 
greater utility involvement in research and de- 
velopment (R&D). The Report of the R&D 
Goals Task Force to the Electric Research 
Council is a noteworthy step forward.? Also, 
though it sometimes seems to take the form of 
obstructionism, the new and more active interest 
the public is displaying in power matters is of 
itself a positive development and hopefully will 
lead to a constructive joint relationship between 
industry and the public in resolving the complex 
issues of the future. 

In summary, the health of the electrical in- 
dustry is today basically sound, although men- 
aced in some areas of the country by current and 
increasing delays in new capacity additions. 
Thus it will take the best coordinated efforts of 
the industry, the government, and the general 
public to prevent this potential threat from 
proving real; in this perspective the common 
sense of the average citizen, as much as any 
other factor, may be the key. 


2 Order Number 383-2, issued April 10, 1970, relates to 
Reliability and Adequacy of Electric Service—Reporting 
of Data—Participation of Regulatory Personnel in Re- 
gional Councils. 

3 Electric Utilities Industry Research And Development 
Goals Through The Year 2000. June 1971. 
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Why Quality of Service is Critical 


So far many of the factors we have cited 
(which might degrade future quality of service) 
have been fairly countered by current measures 
such as: alternate plans; adjustments in sched- 
ules; postponements of plant retirements; 
changes in fuel use; and narrowing of reserve 
margins in some regions. These responses and 
degrees of resilience may have led the public to 
feel that the power industry (because it has con- 
tinued generally to serve reliably and ade- 
quately) has almost limitless capacity to adjust 
to any series of contingencies thrown upon it. 
This is a perilous assumption. 


The critical nature of the industry’s position 
in relation to the country’s energy needs sug- 
gests that the public must be more keenly aware 
of what would be the most serious consequences 
if a condition of diminished capability were to 
grow and spread unchecked by curative meas- 
ures. 


The mildest phase of such a process would be 
an increase in the frequency and extent of vol- 
tage reductions as utilities with inadequate re- 
serve capacity found it increasingly necessary to 
take this step to protect against overloading 
strained facilities. The argument is sometimes 
made that it would be better from the environ- 
mental standpoint for the power industry rou- 
tinely to operate on the basis of reducing vol- 
tage at times of heavy demand than to build the 
additional capacity needed to accommodate the 
demand peaks. Aside from the fact that this 
would mean that the industry would then al- 
ways be on the razor’s edge during peak demand 
periods, it follows from the earlier discussion of 
the limitations of voltage reduction that this ap- 
proach could at most reduce plant capacity re- 
quirements by about 5 percent, which for an in- 
dustry growing at a rate of 6 or 7 percent per 
year is equivalent to less than one year’s normal 
expansion requirement. 


So reliance on such measures could only lead 
to an increase in the frequency of temporary 
local blackouts as utilities increasingly found it 
necessary to shed load at times of peak demand 
—1.e., to cut off the supply of electricity to some 
customers or to particular localities. If this 
trend continued unchecked—which we believe 
most unlikely and indefensible, the next phase 
would begin when utilities had to discontinue 


service so frequently or for such long periods as 
to interfere seriously with the operations of in- 
dustry and commerce, cause food spoilage in in- 
operative refrigerators and the like, with conse- 
quent measurable effects on the economic health 
and residential well being of the community. 
Investor confidence in the future of the industry 
would have begun to weaken and potential dif- 
ficulties in raising capital to finance plant mod- 
ernization and system expansion could further 
accelerate the rate of deterioration of electrical 
service. The results in driving electricity prices 
upward (with rate increases necessary to cover 
higher financing costs and lower efficiency of 
their operations) would compound the effects of 
slowing the machinery of the national economy, 
since reduced electrical service would discourage 
business expansion, new home construction, and 
all the collateral activities on which economic 
health depends. 

These potentials are such that no one—not 
the industry, not the public, and not govern- 
ment—would willfully allow these things to 
happen; yet they could happen. They could 
happen for the simple reason that, like the 
human body, the nation’s power generation, 
transmission, and distribution network is a com- 
plex system which can cease to function effec- 
tively if any of its component parts get seriously 
out of adjustment or if its basic metabolism goes 
awry. Clearly, also, if the quality of electrical 
service did seriously deteriorate, the impact on 
the nation’s economy and standard of living 
would be massive and far reaching. 

One of the landmarks of progressive social 
legislation is the National Environmental Policy 
Act of 1969. In the language of this statute the 
central objective is defined as protection of “the 
quality of the human environment.” This phrase 
encompasses man’s need for energy as well as 
his need to protect the natural environment. 
Apart from those few who, heedless of the im- 
plications and oblivious to the impracticality of 
trying to put an industrialized society to pasture, 
take a “who needs it?, let’s go back to nature” 
attitude toward electricity, no one these days 
questions the importance of this highly adapt- 
able form of energy. Not many, however, con- 
sciously appreciate how fundamental electricity 
has become to the “human environment” and 
how importantly it affects the nation’s economy 


as well as its quality of life. The latter is the 
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more obvious because it is the more visible. 
Electric lights, electrically energized heating and 
air conditioning, and basic electrical appliances 
such as refrigerators, vacuum cleaners, washers 
and dryers, power tools, dishwashers, elevators, 
operating rooms, television and “hi-fi” sets have 
become so much a part of the fabric of twentieth- 
century living that it is inconceivable that they 
would be given up willingly or without drastic 
impact on our society. Even so, the changing 
dollar and social cost values associated with 
future electrical service emphasize the need to 
examine any realistic potentials for conservation 
of electric energy. 

Electricity’s importance to the national econ- 
omy is equally fundamental. To a very consider- 
able extent the nation’s industry and commerce 
literally run on electricity. The electric motor, 
the telephone, the computer, and most of the 
devices used to control industrial operations 
could not function without it. Several key in- 
dustrial processes such as electrolysis and electro- 
refining could not be carried out without it. 
Quite apart from this dependence on the use of 
electricity, a close relationship exists between 
adequacy of electric power supply and the eco- 
nomic health of the nation at large. Although 
electrical sales do not account for a very large 
fraction of the gross national product (2.3% in 
1970) , each worker’s high utilization of energy 
is the essential reason for his high productivity, 
which, in turn, is the basis for our high stand- 
ard of living. Moreover, the power industry is 
by far the largest investor in plant and equip- 
ment of any of the nation’s industries, account- 
ing for about 12 percent of all new investment 
in plant and equipment annually. It therefore 
has an important influence on national financial 
trends. 

Deterioration of the quality of electrical serv- 
ice would of itself and through its economic re- 
percussions degrade our national life. That is 
the crux of the power issue facing the nation 
today and should be borne in mind by all who 
participate in shaping the ‘ndustry’s future 
course. In a very real sense electric power is the 
lifeblood of a modern nation. 

Axiomatic to this point is another—namely, 
that it is one thing to take electricity for 
granted, as all of us have come to do in our 
daily life, but quite a different thing to take for 


granted that it will always continue to be avail- 
able. 


Major Need and Imperatives 


In projecting our views on these critical mat- 
ters, we caution the reader that any of our pres- 
ent estimates or conjectures of the future may 
be markedly changed by factors already at work. 
These include: the possible kinetic effect of an 
accelerated pace of research and development; 
the development of more crystallized national 
energy policies; and the already accentuated 
pace of change in the industry. Nevertheless, 
from our vantage point, and with the benefit of 
the findings set forth in this report, we of the 
Federal Power Commission assess the major im- 
peratives of the national power situation as fol- 
lows: 

The need to recognize the situation for what 
it is: The first imperative is for the American 
people to recognize that the problems facing the 
power industry today are of a critical nature 
and that it is the nation’s and their well being 
as individuals, not merely that of the industry, 
which is at risk. 

The need to distinguish between short-range 
problems and long-range objectives: ‘Too often 
these days those who oppose the construction of 
new generating stations or transmission lines 
blur together two quite separate considerations 
—(l) the specific effects the particular installa- 
tion will have on its environs, and (2) the po- 
tential environmental impact of building a large 
number of equivalent installations over a long 
period of time to meet projected demand 
growth. As a result, urgently needed power facil- 
ities are often delayed by issues that belong in 
the realm of long-range policy making. ‘The op- 
erative words here are “urgently needed.” ‘There 
are many utilities today that have inadequate 
reserve generating capacity or inadequate inter- 
ties with neighboring systems. They are being 
hard pressed to keep up with rising demand and 
this problem is being exacerbated by delays in 
obtaining necessary licenses and clearances for 
critically needed system additions. The momen- 
tum of short-term demand growth and the long 
lead times required for the planning and con- 
struction of major power facilities are such that 
delaying critically needed facilities generally 
serves only to aggravate both environmental and 
power supply conditions. The delay forestalls 
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the retirement of technically and environmen- 
tally obsolete facilities, forces the postponement 
of normal plant maintenance, and leads inexor- 
ably to higher forced outage rates and further 
erosion of reserve margins. In short, the urgency 
of correcting existing or imminent power supply 
inadequacies needs to be recognized as a matter 
separate and distinct from designing future fa- 
cilities and controls to meet new requirements, 
and this distinction must be appropriately re- 
flected in current licensing and certification cri- 
teria and procedures. 

A matching imperative is that in planning for 
the future, utilities allow for longer lead times 
and modified techniques of site planning, review 
and certification. They must support the levels 
of research and development and engineering ef- 
fort necessary to ensure that each new power fa- 
cility will be a better performer, environmen- 
tally speaking, than the one before it. 

The need for improved site selection 
procedures: It is now apparent that the proce- 
dures generally followed in the past in selecting 
and developing power plant sites and related 
transmission rights-of-way are inadequate to 
present circumstances and future needs. Com- 
munity interest in the sites to be used and in 
the manner of their development is now so 
widespread, and the issues of environmental 
concern are now so intensified, that it is essen- 
tial to establish new siting procedures. ‘These 
must provide adequate time and opportunity 
for public appraisal and community participa- 
tion and at the same time must provide for or- 
derly and authoritative decision making. Var- 
ious proposals have been made for new federal 
legislation to govern the siting of major power 
facilities. Embodied in some or all of these pro- 
posals are a number of principles which have 
the support of some or all members of the Fed- 
eral Power Commission and reflect discussions 
with other concerned agencies. These include: 

1. Establish, through: legislation at the 
state level, state or regional siting au- 
thorities; 

2. Require utilities to make ample ad- 
vance disclosure to these authorities 
of plans for new power plant sites 
and transmission rights-of-way includ- 
ing analyses of practical alternatives 
to proposed plans, together with the 
environmental consequences of each; 


3. Provide mechanisms to permit timely 
and thorough review of these plans 
and alternatives by interested citizen 
groups; 

4, Empower the siting authorities to carry 
out an expedited “one-stop” or single 
coordinated review of the site proposal 
in relation to both federal and state en- 
vironmental protection requirements; 

5. Empower the siting authorities to ap- 
prove and officially certify that siting 
arrangement which is found to be ac- 
ceptable in striking a reasonable bal- 
ance between energy needs and envi- 
ronmental impact among the alterna- 
tives available; and 

6. Provide a mechanism whereby such 
evaluation and certification can be 
done by a federal agency in the event 
of default of timely action at the state 
or regional level. 

In moving to support major federal legisla- 
tion along these lines, the Commission has con- 
cluded, firstly, that the issues between power 
supply needs and environmental protection are 
too important to be left to chance procedures, 
and, secondly, that better solutions can be 
found by balancing the specific pros and cons of 
individual situations than by attempting to im- 
pose generalized and inherently inflexible “pre- 
scriptions,’ which may not, and often do not, fit 
local conditions and circumstances. 

The need for a national energy policy: It is 
now evident that the concurrence of increasing 
needs for energy, as well as the national need to 
improve our environment, emphasize the re- 
quirement for coordinated national policy devel- 
opment in both areas. The national demand for 
electricity has followed the pattern of doubling 
approximately every ten.years. A further dou- 
bling of demand during the 1970’s appears vir- 
tually certain and a growth rate only slightly 
less is presently indicated for the 1980’s. This 
rate of growth far outstrips that of energy con- 
sumption in general. In 1960, 20 percent of the 
energy consumed in the United States was in 
the form of electric power. By 1980 electric pow- 
er’s share of national energy use is expected to 
pass the 30 percent mark and by 1990 it is ex- 
pected to be about 41 percent. 

There is beginning to be widespread concern 
about the long-range implications of this growth 
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pattern for electricity. This concern takes sev- 
eral forms. Some are concerned about the accu- 
mulative environmental effects; others, about 
the strain such growth would place on raw en- 
ergy and land resources; and still others about 
the nation’s ability to finance it. Each of these 
lines of thought leads to the same conclusion: 
the nation’s resources—whether expressed as 
fuel reserves, the capacity of the natural envi- 
ronment to assimilate wastes, the availability of 
energy, land, or investment potential—are finite, 
not infinite. With electric power operations al- 
ready having reached a giant scale, constant ex- 
ponential increases can not be continued indefi- 
nitely. Sooner or later the rate of growth of 
electrical demand must either decline of itself or 
be reduced by external factors. 

As already indicated, there is little likelihood 
that the rate of growth in electricity use will 
slow appreciably in the two decades immedi- 
ately ahead. There are sound reasons for this 
outlook. For one, the growth projected for the 
next twenty years is largely foreordained by 
events that have already been set in motion. 
The children who will form the new families of 
the 70’s and 80’s are already here. Every new 
house, apartment building, shopping center 
office building, and industrial plant going up 
across the country, has a built in electrical de- 
mand, and for every one of these structures 
there is another already on the drawing board. 
Moreover, it is already clear that measures 
needed to upgrade the nation’s environment are 
creating substantial new requirements for elec- 
tricity. Examples are recycling scrap paper and 
metal to reduce the accumulation of solid 
wastes; sewage treatment plants to reduce water 
pollution; prospects for electrified rapid transit 
in large cities to reduce automotive congestion 


_ and air pollution; and power consuming devices 


to control pollution by power plants themselves. 

For these and other reasons it is necessary to 
look beyond the immediate, or even the near- 
term, future to see any possibility of a signifi- 
cant decline in the rate of growth of electrical 
demand either occurring or being made to 
occur. Those who call for growth to be stopped 
immediately, as though the forces that govern 
electrical demand were a kind of faucet to be 
| turned on and off at will, either do not appre- 
| ciate or choose to ignore the strong momentum 
of our society. However, the same momentum 
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that precludes changing the short-term electrical 
demand outlook makes it imperative that action 
be taken now to assess whether the longer range 
trend needs to be moderated, and if so, how this 
might be accomplished. This assessment cannot 
be meaningfully done within the frame of refer- 
ence of electric power alone. Electricity is but 
one of the major energy forms in use today, 
most of which draw on common energy re- 
sources and any one of which is in some degree 
substitutable for another. 

A reasonable transition period is required to 
examine this picture, develop an action pro- 
gram, and achieve results. Among the first needs 
is a comprehensive assessment of the long-range 
consequences of various possible patterns of en- 
ergy consumption and use. This would provide 
a frame of reference within which energy ques- 
tions could be viewed in proper perspective and 
thereby aid the formulation of appropriate en- 
ergy priorities and balanced forward-looking en- 
ergy development programs. 

Relatedly, it is important that an overall 
assessment be made of the nation’s environmen- 
tal protection needs. Research on the ecology is 
not a new field but it has only recently taken on 
major proportions. There is as yet a general 
lack of conclusive answers to many of the ques- 
tions being raised today about environmental ef- 
fects, especially those involving the cumulative 
effect over a long period of. time of subtle 
changes in natural conditions. Lacking back- 
ground data on many ecological effects, the na- 
tion presently has no conclusive basis in many 
cases for making definitive cost-vs.-benefit judg- 
ments needed to ensure that environmental pro- 
tection efforts are channeled along the most pro- 
ductive lines and in a manner consistent with 
the overall national interest. 

These limitations in present knowledge must 
be carefully weighed in arriving at priorities for 
the energy field in general and for electrical en- 
ergy in particular. The electric power industry’s 
operations interact with all the principal ele- 
ments of the environment that are troubling the 
nation today: air quality, water quality, land 
use, and resource consumption. In none of the 
problem areas is the industry uniquely responsi- 
ble for the nation’s pollution problems, and in 
some of them it is not even a major factor. Nei- 
ther governmental authorities nor the public 
should gauge environmental measures solely in 
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terms of the fact that power installations are 
large and highly visible to the public eye and, 
accessible to control, owing to the franchised 
structure and publicly regulated nature of the 
utility industry. The industry does not lack the 
means or the will to develop better solutions to 
its environmental problems. Still, the best efforts 
can only reduce, not eliminate, the environmen- 
tal impact of needed electrical supply. 

Until such time as the nation takes compre- 
hensive inventory of its energy resources and en- 
vironmental protection needs and _ priorities, 
there is the risk, from the overall national 
standpoint, that research and development ef- 
forts, environmental protection criteria and 
standards, and. investments in environmental 
protection in different fields of activity may not 
be kept in proper balance. The nation cannot 
move overnight to correct all the environmental 
wrongs of the past or to implement all the envi- 
ronmental needs of the future. It would bank- 
rupt itself if it were to attempt to do so, for the 
task is truly enormous. 

The danger of serious imbalances, especially 
at this early formative stage of the nation’s envi- 
ronmental crusade, is that when the costs begin 
to be counted and the true magnitude of the 
national needs begins to be appreciated, the 
public may be shocked into backing off from 
the undertaking, leaving some of the most im- 
portant tasks undone. It would be tragic in the 
extreme if the heavy emphasis currently being 
placed on the environmental aspects of electric 
power should have this effect, or if, by failing to 
maintain a proper balance between environmen- 
tal values and vital community energy needs, 
the end result is to diminish, rather than im- 
prove, the overall quality of the “human envi- 
ronment.” In short, there are parallel national 
needs for development of power resources and 
for preservation or improvement of environmen- 
tal resources. To these ends there is also a need 
for suitable governmental structures to provide 
a basis for achieving these objectives through an 
effectively functioning power industry. The pol- 
icy bases at all levels should insure in each case 
balanced determinations after weighing both 
economic and environmental factors. 

The need for intensified research and develop- 
ment: From what has already been said, it will 
be apparent that a key factor in the long-range 
outlook—and many believe the key factor—will 


be an accelerated rate of technological progress. 
Fortunately, there are several possibilities for 
major technical advances by the industry in this 
and the next decade, and even more possibilities 
for the longer range future. In the area of gen- 
erating technology, the development of breeder 
reactors for use in commercial nuclear power 
plants, among other benefits, would vastly in- 
crease the nation’s available nuclear fuel. Fur- 
ther, once its technical feasibility has been estab- 
lished, the development and use of controlled 
fusion, would make such fuels virtually inex- 
haustible. These or equivalent developments 
would also be important because a new techno- 
logical base for an environmentally compatible 
power supply system must be found by the end 
of this century to ensure that anticipated growth 
in power demand will be accompanied by reduc- 
tion in the environmental impact per unit of 
electricity produced. 

To convert these technological possibilities 
into realities will require truly major research 
and development outlays on the part of the gov- 
ernment as well as the power industry. Substan- 
tial outlays will also be required to bring about 
needed environmental improvements in existing 
power technology, a notable example being the 
need to find practical ways of removing sulfur 
from the combustion gases discharged by coal- 
burning power plants, or from coal before it is 
burned. 

In the area of transmission technology, achieve- 
ment of economically practical undergrounding 
of high voltage lines, and further advances in 
extra-high-voltage ac and dc techniques for 
long-distance bulk transmission applications hold 
promise for efficiency gains and major environ- 
mental benefits. 

Additionally, a great deal of further research 
will need to be done on the environment itself 
to reinforce present knowledge of the nature 
and extent of the effects and biological conse- 
quences of industrial operations on air and 
water quality and to build a new base for envi- 
ronmental standards and planning of protective 
measures. 


The opportunities and needs touched on 
briefly here make it imperative that the power 
industry’s present level of expenditure on re- 
search and development be substantially in- 
creased, and that appropriate regulatory policies 
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and mechanisms be established to facilitate and 
encourage this new scale of effort. 

Financial imperatives: The continued growth 
and modernization of power systems to meet 
their public service obligations is wholly de- 
pendent on electric utilities being able to raise 
the capital required for these purposes. In the 
case of the investor-owned segment of the utility 
industry, which presently supplies approxi- 
mately 77 percent of the nation’s total electricity 
needs, capital requirements are met in part by 
reinvesting earnings, in part by sale of common 
and preferred stock (equity financing), and in 
part by borrowing money, mainly through the 
sale of bonds (debt financing). Reliance on 
debt financing has steadily increased and today 
it is the industry’s major financing mechanism. 
The ease or difficulty of obtaining debt financ- 
ing and the cost of that financing (e.g., the in- 
terest rate paid on bonded debt) depend on 
general conditions in the financing market and 
on the credit rating of the particular utility. 

In recent years electric utilities have had un- 
usually heavy financing requirements. In 1968 
and 1969, for example, the power industry ac- 
counted for 18 percent of all U.S. corporate 
bond financing. These large financing require- 
ments are a major reflection of the swollen di- 
mensions of current utility expansion activities. 
The swelling has been caused by a number of 
factors, notably the heavy commitments the in- 
dustry has made for nuclear. plants, which have 
lower operating costs but require a larger capi- 
tal investment than conventional thermal 
plants, and severe construction cost escalation, 
the effects of which have been compounded by 
delayed schedules and increased investment in 
environmental protection features. 

‘These unusually heavy financing requirements 
developed at a time when capital was in un- 
usually short supply and interest rates reached 
unusually high- levels. As a result, the fixed 
charges on utility investment in new plants have 
risen substantially in a short space of time. As 
matters stand today, recoupment of such in- 
creased capital costs must usually await the pres- 
entation of definitive evidence that these costs 
are depressing utility earnings below a reasona- 
ble level. The same applies, with some excep- 
tions (such as fuel adjustment clauses) , to ob- 
taining relief for increasing operating expenses. 
That the adverse cost factors mentioned are in- 


deed having a depressing effect on utility earn- 
ings is evidenced by the fact that, after a long 
period of stable or declining electric rates, utili- 
ties across the country have been applying to 
their public service commissions for rate in- 
creases, most of which have been granted in 
whole or in part. The statistical average of 
investor-owned utility financial performance, as 
measured by the rate of return achieved on 
common stock equity investment, has been on a 
gradual downward trend since 1967. ‘There 
have, of course, been individual exceptions to 
this general rule. 

This is another example of the impact that 
changing circumstances have on electric industry 
operations. If allowed to continue, a downward 
trend in utility financial performance would cre- 
ate increasing difficulties for utilities both in at- 
tracting equity investment and in raising debt 
capital—and this at a time when their capital 
requirements promise to be larger than ever be- 
fore. It is imperative, therefore, that procedures 
for making rate policies and rate adjustments be 
systematically reviewed, especially with a view 
to eliminating avoidable time lags, and that any 
inequities therein be promptly corrected. 

A related regulatory imperative, already 
stated but worth repeating, is to insure policies 
and mechanisms necessary to enable and encour- 
age a substantially higher level of utility re- 
search and development expenditure. 

Nearly everything that has been said under 
this and all of the preceding headings points to 
the likelihood of higher electricity prices. Even 
with the best government stewardship, the best 
industry management, the most enlightened 
public attitudes, and continued excellent tech- 
nological progress, it is to be expected that the 
current trend of upward rate adjustments will 
continue for at least several more years, partly 
because of the momentum of the underlying 
economic forces and partly because of changing 
social values which, among other effects, are 
causing our society to move in the direction of 
reckoning the full and true environmental 
“overhead” cost associated with a given product 
and including that cost in the price charged for 
the product. Disappointing technological prog- 
ress could lead to even more substantial rate in- 
creases. Equally serious would be failure to 
allow proper transition time for bridging the 
gap between current performance and future 
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power objectives related to the new social val- 
ues. The final imperatives, therefore, are for the 
nation to condition itself to regard electricity as 
a more highly valued commodity and for all 
concerned with power matters to recognize that 
their best efforts will be required to keep rate 
increases and industry performance in reasona- 
ble bounds in the years ahead. 

In sum, the electric power industry, though 
diverse in character, is unique in that it is the 
nation’s largest industry and provides essentially 
one single standard product—electric power on 
instant demand—which is essential to the con- 


tinuing effective operation and orderly growth 
of the nation. The past performance, present 
capabilities for public service, and resilience of 
the nation’s electric power supply system pro- 
vide substantial hope that the enormous de- 
mands and critical conditions (including conser- 
vation of resources and_ protection of 
environmental values) can be met by a still bet- 
ter industry of the future. But none of these un- 
derlying factors can be taken for granted. ‘They 
require vigorous and coordinated attention to 
insure that it is the public’s true overall interest 
and not one segment of it that is served. 


Summary of Survey Findings 


Introduction 


Two comprehensive surveys of the electric 
power field have been undertaken in recent 
years—the National Power Survey of 1964, 
which was completed in October 1964 and this 
National Power Survey of 1970. Many of the 
problems that face the industry and the nation 
today stem from changes that took place, or 
from pressures that began to build up, during 
the brief time interval between these two stud- 
ies. Comparisons between the two survey reports 
bring differences between 1964 and 1970-71 con- 
ditions into sharp focus; accordingly, in summa- 
rizing the findings of the 1970 Survey we shall 
recall, where appropriate, the way things stood 
in 1964. 

While each of the following twenty chapters 
of this report deals with a specific power topic, 
we shall in this chapter summarize the Survey 
findings under six broad headings: the structure 
of the power industry; the demand outlook; the 
relationship between electric power and envi- 
ronmental quality; research and development 
needs; and the price outlook. This form pro- 
vides a more unified and understandable picture 
of the complex power field. For the reader’s con- 
venience, each of the six summary headings car- 
ries a footnote identifying the chapter or 
chapters in which the details of the subject mat- 
ter are to be found. 


Structure of the Power Industry 4 
General ‘Ihe electric power industry is made 


4 See chapter 2 for details. 


up of a multiplicity of utility systems, some 
owned by private companies (investor-owned 
utilities), some owned by the federal govern- 
ment or by other public bodies such as munici- 
palities, states or public utility districts, and 
some owned by electric cooperatives (see Figure 
1.1). In all there are some 3,500 individual 
enterprises. As in some other industries, how- 
ever, much of the total volume is handled by a 
small fraction of the total number. 


The investor-owned segment is by far the 
largest, accounting for 77 percent of the nation’s 
total generating capacity and 78 percent of the 
ultimate customers served as of December 3], 
1970. Nearly all of the approximately 200 major 
investor-owned utilities operate integrated gen- 
eration, transmission and distribution systems 
and some (so-called “combination companies’) 
are additionally engaged in the distribution of 
gas within their service areas. There is about an 
equal number of smaller investor-owned utili- 
ties, most of which are engaged solely in elec- 
tricity distribution. 

The federally-owned segment of the power in- 
dustry accounts for 11.5 percent of the nation’s 
total generating capacity. It comprises some 40 
systems which in the main supply power in bulk 
for local distribution and resale by others. With 
one exception (the Tennessee Valley Authority) 
the major systems are operated by agencies of 
the Department of Interior. 


Utility systems owned by public bodies other 
than the federal government or by the consum- | 
ers they serve account for 10.5 percent of the na- 
tion’s generating capacity. his segment of the 
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THE ELECTRIC POWER INDUSTRY 
1970 


250* 
INVESTOR OWNED 2 700* 
SYSTEMS FEDERAL PUBLIC 
262.668 MW 


38,718 MW NON-FED 


1,182,855,000 MWH 


34,245 MW 4722 MW 
139,204,000 MWH — 21,767,000 MWH 


185,755,000 MWH 


GENERATING SYSTEMS 


TRANSMISSION 


NON-GENERATING SYSTEMS 


150* 
INVESTOR 3 


TRANSMISSION 


OWNED FEDERAL 
SYSTEMS 


1,360 * 
PUB_NON-FED 
890 * CO-OP 


DISTRIBUTION 


~DISTRIBUTION 


ULTIMATE CONSUMERS 


64,017,662 
RESIDENTIAL 
CUSTOMERS 

447,795,000 MWH 


7,865,073 
COMMERCIAL 
CUSTOMERS 

312,750,000 MWH 


352,993 
INDUSTRIAL 
CUSTOMERS 

972,522,000 MWH 


NOTE: Power generated at other Federal facilities is marketed by the 5 major Federals shown. 249,250 
. OTHER 
* Estimated Figure 1.1 58,292,000 MWH 
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industry is quite diverse in its make-up. Of a 
total of some 2100 separate systems, about two- 
thirds are solely engaged in the distribution and 
resale of electricity purchased from bulk power 
suppliers. Many municipally-owned utilities fall 
in this category, as do most of the rural electric 
cooperatives. The other one-third operate gener- 
ating facilities, either as part of an integrated 
generation-transmission-distribution system or to 
supply power for distribution by others. 

About 1,000 electric cooperatives supply 
power in many of the rural areas of the country. 
Most of these cooperatives are relatively small, 
and over 90 percent are engaged only in the dis- 
tribution of electricity. Although these coopera- 
tives account for less than 2 percent of the na- 
tion’s generating capacity, they serve over 8 
percent of the ultimate customers. 

Observations ‘There is a trend toward con- 
solidation of utility systems but it is a very grad- 
ual one and at present is mainly confined to the 
investor-owned sector or involves the acquisition 
by investor-owned utilities of small publicly- 
owned systems. The existence of so many 
separate systems and, relatedly, the fact that the 
great majority operate on a small scale, has cre- 
ated and will continue to create difficulties. For 
one, the smaller systems are disadvantaged by 
not being able individually to build large 
enough installations to take advantage of econo- 
mies of scale. For another, pluralism of utility 
management within a region tends to compli- 
cate the job of coordinating regional power de- 
velopment. For these and other reasons, some 
industry leaders advocate welding together the 
nation’s utility enterprises to form a dozen or so 
centrally managed combines. Others view this 
approach as impractical because of the diverse 
and complex nature of the interests involved 
and advocate, instead, strengthened coordina- 
tion of utility planning. The Federal Power 
Commission believes there is merit in the posi- 
tion that the industry can solve its most pressing 
“multiplicity” problems by pooling and coordi- 
nation and believes that, given time, pooling of 
system needs and coordination of planning will 
create natural paths for needed consolidation of 
management. 


The Demand Outlook 


The 1964 outlook The 1964 Survey esti- 
mated that the nation’s annual electric power 


requirements, which amounted to 1.0 trillion 
kilowatt-hours in 1963, would increase to 2.8 
trillion kilowatt-hours by 1980. Other related 
forecasts were that the per capita consumption 
of electricity would nearly double over this pe- 
riod, and that the fraction of the nation’s total 
energy consumption used to generate electricity 
would go up by nearly half, increasing from 21 
percent of the total in 1962 to 31 percent in 
1980. The 1964 Survey did not project beyond 
1980. 

The 1970 outlook The 1964 Survey (p. 39) 
projected a national peak demand in 1970 of 
270,100 megawatts which was remarkably close 
to the experienced peak demand for that year of 
276,000 megawatts. In 1966, in preparation for 
the 1970 Survey, Regional Advisory Committees 
were appointed to study the demand trend in 
each of the nation’s six Power Supply Regions. 
The Advisory Committees, assisted by the FPC 
staff, developed forecasts for the 1970-1990 pe- 
riod. The regional studies were published in 
preliminary form as completed, and in Septem- 
ber 1969 the Federal Power Commission issued 
a statement summarizing the resulting forecast 
for the nation as a whole.’ The 1980 electric 
energy requirement was placed at 3.07 trillion 
kilowatt-hours, 14 percent higher than had been 
forecast by the 1964 Survey, and the 1990 level 
at 5.8 trillion kilowatt-hours. The upward ad- 
justment of the 1980 forecast reflected the fact 
that demand was building up at a faster rate 
than had been anticipated by the 1964 Survey, 
and the belief that the 1970’s would see a con- 
tinuation of this trend. It should be stressed 
that this comparison is on a national basis and 
hence is only broadly descriptive. Details on the 
change in growth outlook for particular regions 
will be found in the body of this report. 

Recently the Federal Power Commission insti- 
tuted a new procedure calling for yearly re- 
gional assessments by the industry of the de- 
mand outlook ten years into the future. In the 
spring of 1971, the total of the regional forecast 
figures showed a further increase in the pro- 
jected 1980 demand from 554,000 megawatts to 
598,000 megawatts of capacity, plus reserves. 
Since it was impractical to update the entire 
body of the 1970 Survey and since the differences 
do not materially affect the picture the Survey - 


5 These projections are included in chapter 3 and in 
parts II and III of this report. 


I-]-12 


presents, the decision was made to retain the 
demand projections developed in the 1966-1969 
studies as the statistical base for the 1970 Survey 
report and all subsequent references to industry 
growth are keyed thereto. 

Major demand components It may seem 
paradoxical that at a time when many individu- 
als are calling for curtailment of power growth 
in the interests of environmental protection, the 
best judgment of those whose business it is to 
study demand trends is that the nation’s electri- 
cal requirements will very nearly quadruple be- 
tween 1970 and 1990, and that by 1990 electric- 
ity will have increased its share of total energy 
consumption to about 41 percent. 

Before getting at the reasons for this outlook, 
it is helpful to divide the use of electricity in 
the U.S. into its major component parts and ex- 
amine their relative importance. The perspec- 
tive this provides is as follows: 


TABLE 1.1 


Categories of Electric Power Use 
1965-1970-1990 


Percent of Total Use 
Category of Use 


19651! 19702 19903 
dPelndustrialemeyacce iss ata 41% 40% 41% 
2 Residentialim., ses cares sae. + 24% 25% 24% 
SmCommercial weenie. ae scues 189, 18% 20% 
Siub-totalign sro cide cata cre 83% oa 85% 
4. Miscellaneous, including losses. 17% 17% 15% 
otal Septet ne cicero orsts, nae 3 100% 100% 100% 
1 Actual. 


2 Preliminary. 
3 Projections. 


The first thing that stands out in this break- 
down is that, apart from a modest but 
significant proportionate increase in commercial 
use, the basic use pattern over the next two dec- 
ades is expected to remain about as it is today. 
This is another indication of the momentum of 
our society to which reference was made earlier 
in this chapter. The second thing that stands 
out is that it is the use of electricity in industry, 
rather than in the home, that constitutes the 
largest demand. A third significant point is that 


commercial use is not far behind residential use 
in demand importance. These considerations 
make it clear that even if the American people 
were willing to cut corners in their use of elec- 
tricity in the home, which remains to be demon- 
strated, this of itself would not fundamentally 
alter the national demand outlook. Thus, with 
a residential use accounting for only one-quarter 
of total use, it would take a 10 percent reduc- 
tion in today’s household consumption to 
achieve a 2.5 percent reduction in today’s total 
consumption. Moreover, many of the factors act- 
ing to increase the residential use of electricity 
(see below) would continue to be operative and 
so, even with corner-cutting, the net outlook 
would be for continued growth in household 
consumption, albeit at a somewhat reduced rate. 

Discussion ‘Those who are concerned about 
the environmental impact of electric power op- 
erations, and who would seek to curtail the 
growth of electrical demand on this account, 
sometimes lose sight of the fact that our society 
has an indoor as well as an outdoor environ- 
ment and that the two are interdependent. We 
cannot expect to heat, light, refrigerate and 
power our indoor environment on a massive 
scale, as our society has become accustomed to 
doing, without affecting the outdoor environ- 
ment. Conversely, restraints placed on allowable 
changes in outdoor conditions must sooner or 
later affect indoor standards. Clearly, what is 
needed is a balanced approach with all relevant 
factors properly weighted. Clearly, also, a situa- 
tion of imbalance exists today in the nation’s 
overall environmental ledger. ‘Too much atten- 
tion has been paid in the past to our indoor 
standard of living with too little heed to the 
side effects on the quality of the natural envi- 
ronment. Fortunately there is growing recogni- 
tion that this problem exists and, as was men- 
tioned earlier, a crusade to improve and protect 
the natural environment has gathered momen- 
tum. However all pendulums swing back as well 
as forth and so there is need to guard against the 
possibility of overcorrecting and thereby creating 
a new imbalance. 

Electric power enters into the problem in two 
ways. On the one hand, the generation, trans- 
mission, and distribution of power have an im- 
pact on the natural environment in various 
ways and in varying degrees. We will speak to 
this topic later in this summary. On the other 
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hand, electricity itself ideally fills the indoor en- 
vironmental need for a clean, versatile, and (as 
matters now stand) inexpensive form of energy. 
These three electrical characteristics explain 
why the residential and commercial demand for 
electricity has been growing, and promises to 
continue to grow, at a much faster rate than 
that for any other energy form. Cleanliness and 
flexibility are inherent characteristics unique to 
this refined form of energy; they will not change 
and so there is no need to discuss: them further 
here. The inexpensiveness of electricity, on the 
other hand, is not an inherent quality of this 
form of energy and, further, is a relative matter. 
As was stressed in the assessment portion of this 
chapter and as will be elaborated upon later, 
the era of stable or gradually declining electric- 
ity rates appears to have ended. It is therefore 
important to examine the effect this trend rever- 
sal might have on future demand. Relatedly, 
some have proposed that changes be made in ex- 
isting utility pricing policy as a means of moder- 
ating demand growth. These proposals, which 
range from eliminating price discounts to large- 
scale users to charging premium rates for large- 
scale use or for electricity supplied during peak 
demand periods, raise the same basic question 
of the relationship between price and use. 

Insofar as residential demand is concerned at 
present price levels, most household uses of elec- 
tricity are considered to be relatively price-ine- 
lastic (i.€., insensitive to price changes) and, 
within reasonable limits, rate increases would 
not be expected to have marked impact on de- 
mand growth. An important exception is space 
heating, a field of application in which electric- 
ity competes directly with other energy forms. 
The general turbulence of today’s fuels market 
makes predictions risky but present indications 
are that considering convenience, cost trends, 
fuel availability, and environmental factors, 
electricity will continue its rapid gains in space 
heating and, accordingly, that the number of 
“all-electric’ households will increase signifi- 
cantly. Since the all-electric household consumes 
nearly three times as much electricity as today’s 
average household, this has important implica- 
tions for the residential demand outlook. 

In general, the same characterization holds 
true of the commercial demand for electricity 
and for the same reasons. 

In the area of industrial use, although the 


availability of dependable low-cost electricity is 
a factor almost always taken into account in the 
selection of new plant sites, there are only a few 
industries in which the cost of electricity ac- 
counts for a substantial part of the cost of man- 
ufacture. With these exceptions, of which pri- 
mary aluminium production is perhaps the 
outstanding example, the industrial use of elec- 
tricity tends—again with limits—to be price ine- 
lastic. It is expected that increased emphasis on 
improving labor productivity and quality con- 
trol standards will lead many industries to 
broaden, rather than contract, their uses of elec- 
tricity and that a similar broadening of electric- 
ity usage will stem from steps taken in the inter- 
est of environmental protection. 

The foregoing all relates to 1970-1990 de- 
mand growth in terms of annual kilowatt- 
hour requirements. Another aspect of demand 
growth covered by the 1970 Survey is that of 
load forecasting and, in particular, the forecast- 
ing of peak loads. One of the conclusions 
reached is that there is need for the industry to 
improve the accuracy of its present load fore- 
casting methods. This need takes on particular 
importance in light of the lengthening lead 
times for major system expansion projects. 


The Supply Outlook § 


The situation in 1964 At the end of 1963 the 
utility industry had an installed generating ca- 
pacity of 211,000 megawatts and during that 
year the industry’s reserve margin—i.e., the 
amount of installed capacity in excess of peak 
load requirements—averaged 25 percent. With 
advances in system interconnection it was be- 
lieved that lower reserve margins would suffice 
in the future. The 1964 Survey Report targeted 
a margin of 15 percent for 1980 and estimated 
that trimming the nation’s reserve capacity to 
this level would reduce plant investment re- 
quirements over the 1964-1980 period by $5 bil- 
lion. On this basis, the generating capacity 
needed to meet the projected 1980 peak load 
was placed at 527,000 megawatts, which meant 
that more than 300,000 megawatts of new capac- 
ity would need to be installed over the 1964— 
1980 period. Although this was obviously a mas- 
sive undertaking, it was merely an extension of 


6 See chapters 4, 5, 6, 7, 8, 12, 14, 15, and 18 for de- 
tails. 
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the industry’s historic growth pattern and there- 
fore tended to be viewed as a job the industry 
would take in its stride. 

Four-fifths of the electricity generated in the 
United States in 1963 was produced from energy 
supplied by fossil fuel. With limited potential 
remaining for hydroelectric power development, 
the outlook was for progressively greater de- 
pendence on thermal power. Coal was by far the 
major fuel, accounting for 67 percent of that 
year’s thermal power output. Next came natural 
gas (26%) and residual fuel oil (7%). The 
contribution of nuclear power was as yet nomi- 
nal (less than 0.1%). Thanks to improvements 
in mine productivity and to reductions in trans- 
portation costs, the delivered cost of coal had 
been lowered substantially in the years leading 
up to the 1964 Survey, and this trend was ex- 
pected to continue. Largely for this reason and 
notwithstanding a sharp upward trend in natu- 
ral gas prices, the 1964 Survey projected that the 
average delivered cost of fossil fuel to utilities, 
measured in constant dollars, would decline. As 
this projection implied, the fuel availability out- 
look—with the exception of natural gas—was 
excellent. 

As of 1964, slight improvements were continu- 
ing to be made in the thermal efficiency or 
“heat rate,” of fossil-fueled generating plants 
but the point of diminishing returns had about 
been reached in conventional steam plant de- 
sign. Moreover, many of the most modern units 
—i.e., those operating with the most advanced 
steam conditions—were experiencing above-aver- 
age forced outage rates. For these reasons, the 
principal opportunity for continued cost reduc- 
tion lay in building larger, more dollar-efficient, 
plants (economy of scale) ; and progressive in- 
creases in unit sizes were therefore anticipated. 

Nuclear power stood on the threshold of 
large-scale commercial application in 1964 and 
was expected to become a major factor in the 
nation’s power economy in the years immedi- 
ately thereafter. Although less than 1000 mega- 
watts of nuclear capacity were then in operation 
in the United States, the 1964 Survey forecast 
that there would be some 70,000 megawatts in 
routine service by 1980, amounting to 13 per- 
cent of the total generating capacity projected 
for that point in time. 

Changes in conditions We have dwelt at 
some length on the 1964 situation since without 


this perspective it would be difficult for the 
reader to grasp how markedly supply conditions 
have changed since then. Before describing to- 
day’s outlook, we will take brief note of some of 
the major intervening developments. 

In November 1965, major sections of the 
northeast were blacked out by a massive power 
failure that started in Canada and spread in cas- 
cade fashion through interconnected American 
systems as far south as New Jersey. This was not 
the first failure of a power supply system, nor 
has it been the last, but it was by far the most 
extensive and dramatic and served to bring sys- 
tem reliability questions into much sharper 
focus than had previously been the case. More- 
over, it taught a valuable lesson, which is that 
an industry responsible for so basic a service as 
the supply of electricity must guard against even 
highly unlikely eventualities. The investigatory 
studies and engineering reappraisals7 that fol- 
lowed the blackout produced a number of posi- 
tive results. Deficiencies in power supply sys- 
tems, such as the lack of standby generators in 
some airports and hospitals, were uncovered and 
are being corrected. Regional reliability councils 
were established by the utility industry to coor- 
dinate the actions necessary to strengthen the re- 
liability of interconnected systems. Out of the 
work of these councils has come a rededication 
to the principle of system interconnection. Pre- 
viously, as the 1964 Survey reflected, the chief 
driving force behind the movement toward sys- 
tem interconnection was the economic benefit to 
be derived from sharing large power installa- 
tions, exchanging power during non-coincident 
demand peaks, and the like. The searching reex- 
amination that followed the Northeast blackout 
led to the conclusion that an even greater bene- 
fit of system interconnection is that, when prop- 
erly conceived and executed, it can contribute 
importantly to the reliability of power supply. 
Thus, today, it is reliability more than economy 
that provides the thrust for the continuing drive 
toward more complete and better utility inter- 
ties. 

The first two nuclear power projects to be un- 
dertaken by U.S. utilities on a straight commer- 
cial basis were contracted for nearly a year 
before the 1964 Survey was completed; however, 


7 Prevention of Power Failures, Federal Power Commis- 
sion, July 1967. 
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with a single exception, no further orders were 
placed until the late summer of 1965, nearly a 
year after the Survey Report was issued. Orders 
then began to be placed with some frequency 
and by the summer of 1966 it was evident that 
nuclear power was making a market break- 
through of landslide proportions. By late 1967, 
the U.S. Atomic Energy Commission was fore- 
casting that between 125,000 and 170,000 mega- 
watts of nuclear capacity would be in service by 
the end of 1980. The AEC’s “most probable” 
figure (147,000 megawatts) was essentially dou- 
ble most prior estimates. Never before in the 
United States or elsewere had an industry un- 
dertaken to introduce a major new technology 
on such a massive scale. 

Because of its massive dimensions, the indus- 
try’s construction program would have been a 
formidable undertaking even under ideal condi- 
tions. As rapidly became clear, however, condi- 
tions in the latter 1960s were far from ideal. 
The nation’s manufacturing capabilities were 
being taxed by the demands of a boom econ- 
omy, and the strain reflected itself in late equip- 
ment deliveries and lower quality. Costs were 
generally inflated, and with investment capital 
under heavy demand and in short supply, inter- 
est rates rose to exceptionally high levels. ‘There 
was unprecedented escalation of construction 
wages, the effects of which were compounded by 
unsettled labor conditions and by a serious de- 
cline in labor productivity. These adverse fac- 
tors, over which the power industry had little or 
no control, acted to delay many power projects 
and substantially increased their cost. They had 
particularly severe impact on nuclear projects, 
which involve a larger capital investment than 
conventional thermal power plants and entail 
more field construction labor. Moreover, many 
nuclear projects encountered special problems, 
such as intervention in licensing proceedings by 
opposition groups, other licensing delays, and 
changes in licensing criteria requiring costly de- 
sign modifications. ‘To these were added the nor- 
mal difficulties associated with the large-scale in- 
troduction of a major new technology. Finally, 
utilities found that building progressively larger 
generating units, either fossil or nuclear, pre- 
sented new difficulties at both the plant con- 
struction and start-up stage. In the meantime, as 
was brought out earlier, the demand for electric- 


ity was building up in some areas at a faster 
rate than had been anticipated. The net result 
of all of this, aside from severe cost effects to be 
discussed later, was a dramatic change in the na- 
tion’s power supply situation. Utility reserve 
margins rapidly eroded, in some cases to the 
point where emergency measures were required 
at peak load periods. In the late 1960s, the aver- 
age reserve margin fell from the 1963 level of 25 
percent above the summer peak load to less 
than 20 percent and in some areas the reserve 
was much below this average. Almost overnight 
—or so it seems in retrospect—a few sections of 
the nation were confronted with the prospect, if 
not the fact, of serious power shortages. 

Still another major development in the latter 
1960s was an abrupt change in the short-term 
fossil-fuel supply outlook. Here there were two 
major factors. First, utility demand for coal ex- 
panded at a more rapid rate than the coal in- 
dustry’s production capability and for this and 
other reasons a generally tight coal situation 
quickly developed. Second and even more im- 
portant in its immediate effects, the widespread 
enactment of environmental protection regula- 
tions limiting the allowable sulfur content of 
fuel burned in thermal power plants, both here 
and abroad, created a large demand for low- 
sulfur coal and oil in some areas which quickly 
strained the available supplies. As a conse- 
quence, fossil fuel costs, which had been trend- 
ing downward, made a sharp reversal and began 
to rise rapidly. In some instances fuel costs liter- 
ally doubled. Moreover, in several areas utilities 
were faced with the prospect of serious fuel 
shortages. During the latter half of 1970 a com- 
bination of these problems and others which in- 
cluded rail shipping difficulties and heavy ex- 
ports of coal led to dangerously low coal stocks 
at many electric power plants, particularly in 
the Southeast region. Some utilities which nor- 
mally maintain a two-month supply were down 
to a two-week supply or less. 


The 1970 Survey Findings 


Capacity In arriving at estimates of future 
Capacity requirements, the 1970 Survey con- 
cluded that with varying regional patterns in- 
dustry planning should overall be based on 
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maintaining * an average reserve margin of ap- 
proximately 20 percent, rather than on trim- 
ming the margin to 15 percent as had seemed 
possible at the time of the 1964 survey. This 
conclusion was reached in light of the industry’s 
increasing dependence on large generating units 
and the consequent need for large blocks of re- 
serve capacity to offset unscheduled outages. Re- 
latedly, the larger, more complex facilities, on 
which the economics of modern power genera- 
tion so importantly depend, have tended to date 
to have higher-than-average forced outage rates 
and/or to require longer-than-average mainte- 
nance shutdowns. Whether this will continue to 
be the case cannot be predicted with any degree 
of certainty. There is as yet too little experi- 
ence, especially with large nuclear units, to say 
whether large unit size inherently means some 
degree of reduced reliability. What is certain is 
that unit sizes are increasing rapidly and will 
continue to increase. Up until 1960, when the 
first 450-megawatt unit was placed in service, 
the nation’s largest generating units had a ca- 
pacity of 335 megawatts. In 1970 a substantial 


8 The word “maintaining” should perhaps be clarified. 
The actual national summer peak load margin has been 
below the 20 percent level for the past several years, but 
is expected to regain that level upon completion of cur- 
rent construction projects. Some regions have recently 
been operating with reserve margins as low as 13 or 14 
percent. 


fraction of the new base-load capacity placed in 
service consisted of units of 500 megawatts or 
larger. Many units 1,000 megawatts and larger, 
including nuclear units, are now under con- 
struction and unit sizes may reach the order of 
2000 megawatts by 1980 and possibly 2700 mega- 
watts by 1990. 

With a 20 percent reserve margin, the electri- 
cal demand projections stated earlier ® translate 
to the following requirements for total installed 
generating capacity: 

Net Generating 


Year Capacity Required 
at Year’s End 


665,000 megawatts 
1,260,000 megawatts 


At the end of 1970 the nation had an installed 
generating capacity of approximately 340,000 
megawatts. These requirements thus mean that 
the industry will need to make net additions of 
some 325,000 megawatts of generating capacity 
during the 1970’s and 595,000 megawatts during 
the 1980's. In effect, the industry’s present plant 
will need to be almost quadrupled during the 
next two decades. 


9 Reference here is to the projections developed by the 
Regional Advisory Committees in the 1966-1969 period, 
which form the statistical basis for the 1970 Survey. As 
was noted in the text, more recent studies of 1980 loads 
indicate somewhat greater demand growth. 


TABLE 1.2 


Projected Growth of Utility Generating Capacity ' 


(all figures in thousands of megawatts) 


1970-1980 1980-1990 
Installed 
Type of Plant Class of Service Capacity Projected Projected 
(see text) End 1970 Projected Projected Installed Projected Projected Installed 
Additions Retirements Capacity Additions Retirements Capacity 
End 1980 End 1990 
Base Load Intermediate Peaking 
Hydroelectric 
Conventional........ seasonal UGocaaeerdascees 68 14 Fea eacvden ete 82 
Pumiped Stora Sei ese wos, Sse eeetalcdehe cys vancteretscheyayeye Vv DD BF ars sake Shere 27 AAS Oe. crenata’ 71 
Thermal 
Steam-electric 
Fossil-fuel-fired...... v (newer Vs (OLGOE etter raperobetavares cis 157 (24) 2 393 225 (61) 2 557 
units) units) 
Mhuclea trates = clea ceualers sxtnetess SS ODD Ab aC ORR pee LAL Were a a ae 147 353 gia toe ore 500 
Gas-turbiner& diesels acco. sis) « eleatenels cis s6 Vv 1D Fearne Reis ae 31 QOS Caserta acct 51 
Lotalsi(POuUnGed) mya ey cieyetcrs ow arent lores care oletons vaienst d-015) eevee niaseoyaeye-s stoke 349 (24) 665 656 (61) 1260 


1 Keyed to electrical demand projections made by Regional Advisory Committee studies carried out in the 1966-1969 period. Premised on average 


gross reserve margin of 20%. 
2 Units placed in service prior to 1955. 
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TABLE 1.3 


Distribution of Generating Capacity 


[Based on Table 1.2 projections] 


Percent of Total Capacity ! 


1970-1980 1980-1990 
Type In Service ; 
End 1970 Additions _In Service Additions _In Service 
During End 1980 During 1990 
Period Period 
Hydraulic 
ELYAFOClECITICK, 0. 5 costs sas 4 os eine sonic ae eevays 15 5 10 2 7 
Pumpedistorager ste one sole ae ee ces at 1 q/ 4 7 6 
Sub-totalsi(ounded)) seems nace eens 16% 11% 14% 9% 12% 
Thermal 
Steam-electric 
Hossi]=fuel-fhiredsas ae ot. cain ecto cree eile Te 45 59 34 44 
Nuclear RAL city saci Ceseire oath ote 2 40 22 53 40 
Gasiturbine:SayGiesels pinnae oer Corie 6 3 5 3 4 
Sub=tétalsiCrounded))macer) can rennet. ernie 84% 89% 86% 91% 88% 
‘Botaltate. 38 sears ais et eae otek ae Eee: 100% 100% 100% 100% 100% 


1 Since different types of plant are operated at different capacity factors, this capacity breakdown is not directly repre- 
sentative of share of kilowatt-hour production. For example, since nuclear plants are customarily used in base-load service 
and therefore operate at comparatively high capacity factors, nuclear power’s contribution to total electricity production 
would be higher than its capacity share (see table 1.4). 


The capacity growth projections are given in 
somewhat more detail in tables 1.2 and 1.3. The 
first of these exhibits lists the projected capacity 
additions for the 1970-1980 and 1980-1990 pe- 
riods by type of plant; the second shows the per- 
centage breakdown for each period and cumula- 
tively. The salient features of this forecast are 
summarized below: 


Ie 


Base-load service: Base-load plants—i.e., 
those designed to run more or less con- 
tinuously near full load, except for pe- 
riodic maintenance shutdowns—are the 
“workhorses” of the power generating 
industry and typically produce 60 to 80 
percent of their rated maximum output 
during any given year. They are highly 
engineered to produce electricity as 
efficiently and cheaply as possible con- 
sistent with high reliability standards. 
As table 1.3 reflects, the nation is al- 
ready heavily dependent on thermal (as 
distinct from hydroelectric) power in- 
stallations for base-load service and the 
base-load capacity additions projected 
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for the next two decades are predomi- 
nantly thermal. ‘The reason is that most 
of the nation’s favorable hydroelectric 
potential is already being used, leaving 
fuel as the chief energy source on which 
the power industry can draw. As_ be- 
tween fossil fuel and nuclear fuel, the 
outlook is for progressively heavier reli- 
ance on the latter. Although nuclear 
plants accounted for only about 2 per- 
cent of the nation’s 1970 thermal base- 
load capacity, they are expected to ac- 
count for approximatély 50 percent of 
new thermal base-load capacity additions 
during the 1970’s and for nearly 70 per- 
cent during the 1980's. 

Peak load service: Peak load units are 
designed to supply electricity principally 
during times of maximum system de- 
mand and characteristically run only a 
few hours a day. They are engineered to 
facilitate quick start-up and shut-down 


and with a view toward minimizing the 


capital investment, rather than the en- 


ergy production cost. As table 1.3 re- 
flects, gas turbines and diesel generators 
are commonly used for peak load service 
today. However, over the next two dec- 
ades, and except in those utility systems 
which do not have suitable sites, 
pumped storage units are expected to 
overtake them in importance. Pumped 
storage operates on the principle that 
during off-peak hours, excess thermal ca- 
pacity is used to generate electricity to 
pump water from a river or other source 
up to an elevated reservoir. Then, dur- 
ing the hours of peak demand, the flow 
of water is reversed and used to generate 
power hydroelectrically to help meet the 
peak load. There is a net loss of energy 
in the process; as a rule of thumb, for 
every three kilowatt-hours of electricity 
fed into pumped storage, only two are 
returned. However, the overall econom- 
ics are such that where suitable sites 
exist, pumped storage usually offers the 
cheapest and most dependable source of 
power for peak requirements. 

3. Intermediate service: Between the base- 
load and peak-load extremes lies the in- 
termediate duty cycle. ‘The plants used 
for intermediate service operate at Ca- 
pacity factors in the range of 20 to 60 
percent and must be able to respond 
readily to swings in system demand. In 
general, the smaller, older fossil-fuel- 
fired units, originally built for base-load 
duty, are used for such service. Increas- 
ingly, however, cycling steam units are 
being built specifically for intermediate 
service, and large diesels and some gas 
turbines also fit such use. 

4. General: A striking fact about the out- 
look reflected in tables 1.2 and 1.3 is 
that of the total amount of base-load ca- 
pacity projected to be in use by the end 
of 1990, about 83 percent will be of 
post-1970 vintage and more than half of 
the total will be less than ten years old 
at that point in time. 

Commonly two or more generating units are 
built on a single site and the resulting complex 
is referred to as a power plant or power station. 
Many existing thermal stations have sufficient 
land and cooling water available to accommo- 


date the installation of at least one additional 
generating unit. However, it is certain that 
meeting the projected expansion requirements 
while retiring older generating stations located 
in congested urban areas will require finding 
sites with suitable environmental characteristics 
for a large number of new power stations. (See 
later discussion.) 

Fuel supplies As fundamental to the supply 
of electricity as the adequacy of generating 
plant capacity is the adequacy of the energy 
sources on which the plants depend. In the na- 
tion’s predominantly thermal power economy, 
the central question is whether fuel supplies 
will be available in the vast quantities that will 
be required. 

Four basic fuels are used in thermal power 
generation, the three fossil fuels—coal, natural 
gas and oil1°—and uranium, today the basic 
fuel of nuclear power. Table 1.4 shows the rela- 


TABLE 1.4 


Projected Distribution of Fuel Use for Thermal 
Power Generation 1970-1990 


[Percent of Heat Input]! 


Year 
Fuel 
1970 1980 1990 
Coal aaa s Sas ee ca. ee 54% 41% 30% 
Natural, as sare ses. Sipe: he a 29% 14% 8% 
Nesicitiallstire nor lemme iinet ter rere 15% 14% 9% 
INUC]earceee miter va beten ee: DG, NG 53% 
Rotalss: Waar. iteeeeoan ore 100% 100% 100% 


1 Staff Estimates. The projected uses of each of these fuels 
in 1980 and 1990 are based on assumed prices and availa- 
bilities. If the assumptions vary, then the mix of the fuels 
actually used may also vary. 


tive importance of each in 1970 and projections 
for 1980 and 1990. The forecast is keyed to the 
plant capacity projections already discussed, tak- 
ing into account the expected mode of opera- 
tion of the several types of plant involved (base 
load, intermediate load or peaking service). 
Coal supplied 54 percent of the energy used in 


10 Most of the fuel burned in power stations is “resid- 
ual,” i.e., the heavy fraction remaining after petroleum 
has been distilled to produce gasoline and other light or 
intermediate hydrocarbons. 
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thermal power generation in 1970; however, 
with nuclear power coming into the ascendancy, 
coal’s share of the utility fuel market is ex- 
pected to drop substantially, falling to 30 per- 
cent by 1990. Natural gas supplied 29 percent of 
the 1970 total, but its share is expected to 
diminish to 8 percent by 1990. Residual fuel 
oil’s share is expected to decline from 15 per- 
cent in 1970 to 9 percent by 1990. Nuclear fuel 
on the other hand is expected to increase its 
proportional share by many-fold from about 2 
percent to 53 percent. Geothermal energy 
amounts to a very minor percentage of total 
usage presently, but is receiving increased atten- 
tion in certain areas of the country. 

In absolute terms, the 1970 Survey’s fuel re- 
quirement projections are as shown in table 
1.5. As is apparent, the projected growth in en- 
ergy consumption tor electric power generation 
is such that, despite their declining share of the 
utility-energy market, all three fossil fuels will 
be in increasing demand over the next two dec- 
ades. Specifically, utility consumption of coal is 
expected essentially to double, and consumption 
of natural gas is expected to increase by less 
than 20 percent. Nuclear fuel requirements will, 
of course, grow dramatically over the same pe- 
riod. Meeting these utility requirements will 
pose difficult problems, which will take different 
forms for each fuel. 

The nation’s aggregate resources of coal are 
vast. However, coal is not uniform, varying 
greatly in physical and chemical properties, and 
in costs to mine and transport. The bulk of the 
low sulfur and inexpensive coals which are 
found in the West are located far from utility 
demand centers, which are predominantly in the 


East. Coals nearer to load centers are generally 
rather high in sulfur, or are expensive to mine. 
Utilities are finding it increasingly difficult, if 
not impossible, to locate deposits that are large 
enough and can be mined and transported at a 
reasonable cost to supply the requirements of a 
large power station, and that have a low enough 
sulfur content to meet the increasingly stringent 
limits of environmental regulations. Coal prices 
for some plants have doubled between 1969 and 
1971. 

With large-scale low-sulfur coal supplies re- 
mote from centers of need and unsuited for use 
in existing boilers, many utilities will be re- 
quired to install equipment to remove sulfur 
from furnace gases before discharging them 
from the power plant stack. Stack gas sulfur re- 
moval processes have been under development 
for a number of years and some are being dem- 
onstrated, but not yet satisfactorily at a commer- 
cial scale. Removal of organically bound sulfur 
in mined coal requires full chemical processing. 
Thus, present indications are that limitations on 
sulfur dioxide emissions drastically increase pro- 
duction costs in coal-burning power plants. 

Other factors that cloud the utility coal cost 
outlook include tightening mine safety stand- 
ards, which will act to increase the cost of coal 
production in underground mines, and tighten- 
ing environmental regulations, which will in- 
crease the cost of and sometimes prevent strip 
mining. In short, doubling the output of utility 
coal over the next two decades poses a difficult 
challenge for the coal industry and almost cer- 
tainly will entail significant cost increases, either 
at the mine, in shipment, or at the power plant. 

In the case of natural gas, with the supply sit- 


TABLE 1.5 


Projected Annual Fuel Requirements for Thermal Power Generation 


Year 
Fuel 
1970 1980 1990 

Coals 2 CR err rn cen ore err 322) million: tonsan see 500 muillionitonss. one 700 million tons 
Natural! ras’ ttc sheep ees ee age 3,600 billion cubic feet... 3,800 billion cubic feet... 4,200 billion cubic feet 
Residualtineltodlees 1. eer ee 331 million barrels. ..2... 640 million barrels....... 800 million barrels 
Uranium ore* 

without plutonium recycle....... 7,000 CONSt. 2 eee ee 41000 Stonsiaeee ae ore 127,000 tons 

with plutonium recycle.......... TEOOOtONS Hy ere ine 38;000 tonS)ic0 sien oe 108,000 tons 


*Short tons of U3;Os required to supply feed for diffusion plants to supply annual burnup and new reactor inventories. 
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uation already tightened, with wholesale prices 
rising, and with some evidences of gas com- 
manding higher prices in intra-state than in in- 
ter-state markets, those utilities which have tra- 
ditionally depended on this energy form— 
principally southwestern and west-coast systems 
—are uncertain about future gas availability and 
price levels. The expectation is that natural gas 
supplies will at best be marginal during the 
1970s and may become inadequate during the 
1980s unless new domestic or foreign supplies 
are successfully developed, or unless techniques 
are found for producing gas from coal (so-called 
coal gasification) on a commercial basis. 

Utility supplies of residual fuel oil, and espe- 
cially of oil of low-sulfur content, are largely ob- 
tained from foreign sources since the economics 
of U.S. petroleum refining presently do not 
favor the production of this fuel form. Contin- 
ued heavy reliance on foreign sources appears 
likely; and with world requirements for oil con- 
tinuing to increase rapidly, more constrained 
supply situations could well develop in the com- 
ing decades. 

In the case of uranium, the nation’s and the 
world’s resources are potentially vast—many 
times larger than those of fossil fuels—but reali- 
zation of more than a small fraction of their po- 
tential awaits successful development and use of 
breeder reactors. Breeder systems are under in- 
tensive development in the United States and 
several other countries with the objective of in- 
troducing full-scale breeder plants on utility sys- 
tems during the 1980s. Such plants, however, are 
not expected to account for a major portion of 
the total nuclear power capacity until the 1990s 
(see later discussion under Research and Devel- 
opment). In the meantime many utilities will 
be making extensive use of power reactors that 
extract only a percent or two of the energy con- 
tent of uranium and whose favorable economics 
depend on the availability of comparatively 
low-cost uranium supplies (relative to the sup- 
plies it will be possible to draw upon once 
breeder reactors are in use). The nation’s pres- 
ent proven reserves and stockpiles (as distinct 
from estimated resources) of low-cost uranium, 
which are largely a heritage of exploration pro- 
grams carried out during the mid-1950’s in 
connection with defense requirements, are more 
than adequate to meet the power industry’s 
projected needs over the next decade. With the 


resumption, several years ago, of large-scale ex- 
ploration efforts, substantial new deposits are 
beginning to be located. Thus, with major new 
discoveries reported abroad, the outlook is for 
adequate ore sources so long as adequate explo- 
ration efforts are sustained and provided that 
the development of breeder reactors does not 
encounter serious delays. Major build-up of the 
nation’s uranium mining and milling capacities 
will be required, necessitating significant capital 
investment. Accordingly, uranium prices, which 
of late have been depressed, are expected to find 
higher levels as the projected nuclear power 
build-up takes place. 

Transmission ‘Transmission is steadily grow- 
ing in importance to electric supply, as more 
generation sites are located distant from the 
load centers and more interconnections between 
systems are used to enhance reliability and econ- 
omy. With this growth there has been a con- 
tinuing increase in the capacity of individual 
lines by use of higher voltages, and in a few in- 
stances, by use of direct current systems. In 
urban areas particularly, the difficulty of ob- 
taining overhead rights-of-way is causing greater 
consideration to be given to placing new trans- 
mission lines underground. 

It is believed that these established trends will 
continue through the next two decades, assisted 
by technical advancements. Prior to 1969 the 
highest transmission voltage in the United 
States was 500 kilovolts; in the fall of that year 
the first 765 kilovolt transmission facility was 
placed in service and by 1980 some 3,500 circuit 
miles of 765 kilovolt transmission may be in use. 

Transmission trends and_ projections are 
closely related to the growth of system inter- 
connections and the reliability of the national 
electric power network. Chapters 17 and 18 dis- 
cuss these factors in detail. 

Reliability Making power available whenever 
needed and minimizing service interruptions 
have been major objectives of the electric power 
industry throughout its history. However, the 
rapidly increasing loads and attendant expan- 
sion of transmission networks throughout most 
of the nation, coupled with the extensive North- 
east power failure of November 1965, have fo- 
cused new attention on the reliability of inter- 
connected systems. In July 1967, the Federal 
Power Commission published a three volume re- 
port “Prevention of Power Failures,” which rec- 
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ommended as a key step in bulk power supply 
reliability the establishment of regional joint 
planning and operation of electric power facili- 
ties. 

In response to the evident need the industry 
has greatly expanded its coordination arrange- 
ments. By the end of 1970, 21 contractual agree- 
ment power pools were in operation, represent- 
ing some 60 percent of installed capacity, as 
compared to only 9 pools in 1960. In addition, 
there are at least thirteen informal organizations 
of utilities in the contiguous United States 
which engage in more limited aspects of inter- 
system coordination. Beginning in 1967 the util- 
ities established a number of regional electric re- 
liability councils and in 1969 formed the 
National Electric Reliability Council (NERC) 
to encourage improvement of coordination at 
both the regional and national levels. At the 
end of 1970 the nine regional councils included 
virtually all major electric utilities in the 48 
contiguous states, comprising about 90 percent 
of the total installed capacity. Provision is made 
for participation by the smaller utilities. Chap- 
ter 17 discusses industry coordination arrange- 
ments. 

It is expected that the varied industry-wide ef- 
forts to consolidate and expand utility 
groupings will continue and that centralized 
pool-wide dispatch will attain increased accept- 
ance as the need grows for more sophisticated 
control of separate, interconnected control areas. 
Stronger interconnections between regions, be- 
yond those presently planned by the utilities, 
appear desirable. 


The Relationship Between Power and The 
Environment "' 


The 1964 outlook In 1964, apart from tradi- 
tional conservationist interest in land use and 
the beginnings of concern by ecologists about 
other fundamental environmental questions, 
concern over the environmental effects of elec- 
tric power operations was largely confined to 
the electric utilities themselves and to those 
agencies of government involved directly or in- 
directly with the power industry. The 1964 Sur- 
vey Report contained an extensive discussion of 
the effects of power operations on air and water 


11 See chapters 10, 11, and 12 for details. 


quality. It anticipated that these effects might 
present difficulties as the scale of power opera- 
tions increased, and called for increased industry 
emphasis on pollution controls and for research 
in this general field of power technology, espe- 
cially in the area of ecological studies. While it 
cited the possibility that added costs of environ- 
mental protection might prevent full realization 
of the targeted reduction in the average cost of 
electricity, it concluded that “the nation’s capac- 
ity to produce needed electrical energy will not 
be impaired because of these environmental con- 
siderations.” 

1970 Survey findings As was brought out in 
Part A, public interest in environmental ques- 
tions has awakened since 1964 and there is 
today what amounts to a national crusade to 
improve environmental quality. As stated in the 
Introduction of the report to the Commission 
by the National Power Survey Task Force on 
Environment: 

“In our time, we have seen commanding 
new social values arise, and among the most 
important of these is a new respect for the 
conservation of the environment, and the 
need to adapt our energy sources and sup- 
ply to the restrictions this imposes upon 
us 

As already observed, the problem our society 
now faces is how to protect and, where possible, 
to upgrade the quality of the outdoor environ- 
ment without cancelling out the gains that have 
been made in the quality of our indoor environ- 
ment and, equally important, without denying 
these same gains to new generations or to those 
among us who have not yet shared them but 
seek to do so. 

While electric power is almost ideal insofar as 
the indoor environment is concerned, its pro- 
duction and supply may, and usually does, have 
undesirable effects on the outdoor environment. 
The areas of effect can be categorized as follows: 

1. Effects on air quality stemming from dis- 
charge into the atmosphere of combus- 
tion products from fossil-fuel fired 
power plants or from the release of 
trace amounts of radioactivity from nu- 
clear plants; 

2. Effects on water quality stemming from 


12“Managing Power Supply and the Environment,” 
July 1971. 
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the discharge of waste heat from ther- 
mal power plants; the discharge of some 
chemicals into the waterways serving the 
power installations; and the discharge of 
trace amounts of radioactivity from nu- 
clear plants; 

3. Land-use effects, including ecological ef- 
fects of hydroelectric power operations; 
accumulation of solid waste (fly ash) 
from coal-fired power plants; the com- 
mitment of substantial tracts of land for 
power plant sites or for transmission 
rights-of-way; and commitment of sub- 
stantial physical areas for long-term stor- 
age of radioactive wastes from nuclear 
power plants. 

4. General esthetic effects (noise, appear- 
ance, and the like). 


The 1970 findings on each of these areas of 
effect will be briefly summarized in the order 
listed. 

Air quality (fossil fuels): Large fossil-fuel 
fired power plants produce tons of waste com- 
bustion products daily. In varying degree the 
different kinds and grades of fossil fuels present 
problems of soot control, ash disposal, and gas 
emission—in particular, sulfur dioxide, nitrogen 
oxides and carbon monoxide. Natural gas is the 
cleanest of the three fuels in most of these re- 
spects, and coal, especially coal of low heat 
value or high sulfur content, is the most trou- 
blesome. The following data are indicative of 
the amounts of major pollutants emitted by 
electric power plants in comparison with other 
major sources: 


TABLE 1.6 


Estimated Nationwide Discharges of Airborne Pollutants—1968 


[Million tons per year] 


Carbon Particulate Sulfur Hydro- Nitrogen Total 
Monoxide Matter Oxides Carbons Oxides 

Bowersblants sap cepinces crc. aoe ison eese 0.1 oR0 16.8 Neg 4.0 26.5 
Other fuel combustion in stationary 

SOUC CS mettre cba petane te tris) cite tte soa line Wats} 303 WE ORT 6.0 19.4 

ebransportationer meee een cae oe crore 63.8 2 0.8 16.6 8.1 QB 

kn dustniallpprocessestress aster st Ve ee OFT] Use Tao 4.6 OF? 293 

Soliduwasteidisposalan aie rer 7.8 Meal 0.1 eG 0.6 at 

Miscellancousterern aster cee sols: 16.9 96 0.6 (5) EME 373 

PL Otall rep tocar te custas cede Soe susan 100.0 28.3 53 a2 32.0 20.6 214.2 


Note: Sulfur oxides expressed as tons of sulfur dioxide and nitrogen oxides as tons of nitrogen dioxide. 
Source: National Air Pollution Control Administration (now Air Pollution Control Office, Environmental Protection 


Agency). 


As these figures reflect, apart from sulfur diox- 
ide emission to which electric power operations 
are the major contributors, the electric power 
industry is far from being the major source of 
air pollutants. It is nonetheless a significant 
source and, moreover, it is a concentrated 
source. And in view of the overall seriousness of 
the nation’s air pollution problems, especially in 
or near major urban and industry centers, there 
is obvious need to do all that is within technol- 
ogy’s power to reduce the emission of any and 
all significant air pollutants, from whatever 
source, to the lowest levels possible. 


Recent federal and state legislation, culminat- 
ing in the Clean Air Quality Act Amendments 
of 1970, has greatly strengthened regulatory 
powers over air pollution and, among other pro- 
visions, has mandated the establishment, by 
1971, of national air ambient quality standards. 
Under this mandate individual states must pre- 
sent implementation plans designed to control 
emissions from stationary and other emission 
sources in such a manner that the ambient air 
quality standards will be met by 1975. Electric 
utilities, working closely with their equipment 
suppliers and with their architect engineers, 
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have already taken a number of major steps to 
minimize the emission of air pollutants from ex- 
isting as well as future generating installations, 
and additional steps are in view. The steps al- 
ready taken include the development of greatly 
improved particulate systems incorporating me- 
chanical devices as well as ultra-high-perform- 
ance electrostatic precipitators; discharge of the 
scrubbed gases through high stacks at high ve- 
locity so that they enter the upper atmosphere 
and thereby have minimal local effect; the maxi- 
mum possible use, subject to supply limitations, 
of fuels of low sulfur content; substantial reduc- 
tions in nitrogen oxide formation through modi- 
fied combustion techniques and flue gas recircu- 
lation; and the rapid and massive introduction 
of nuclear power into base load generating 
practice (see below) . 

Of the additional steps being taken by the in- 
dustry, a key one in the near-term electrical sup- 
ply outlook is the accelerated development of 
equipment to remove sulfur from the combus- 
tion gases before they are discharged from the 
plant stack. The bulk of the coal burned by 
U.S. utilities has had a sulfur content in the 
range of 2 to 4 percent by weight. Increasingly, 
utilities are being required by local environmen- 
tal protection statutes to burn fuel having a sul- 
fur content of 1 percent or less, and in some in- 
stances the allowable limit has been set below 
0.5 percent. The available supplies of coal or 
other fossil fuels as low as 1 percent, much less 
0.5 percent, are very limited in relation to the 
massive needs of the power industry. Thus, un- 
less practical sulfur-removal systems can be 
quickly developed and put to use, the fossil fuel 
supply outlook will be very bleak indeed and 
those areas that have established especially low 
sulfur restrictions may either have to relax 
them or face the prospect of power shortages. 

A number of different sulfur removal proc- 
esses have been studied and several have been 
piloted in small or medium-sized installations. 
However present indications are that it will be 
several years before full-scale systems are ready 
for routine commercial service. Amplifying a 
point made earlier in this chapter, the basic 
technical feasibility of sulfur removal is not in 
question; what remains to be done is to refine 
the engineering design of the several competing 
systems, to demonstrate that full scale installa- 
tions can be made to perform reliably in rou- 


tine plant service, to reduce their projected high 
capital and operating costs, and to provide for 
disposition of the resulting products. 

Air quality (nuclear fuels): Nuclear power 
plants produce no bulk waste products. They do 
create radioactive substances which, although 
small in terms of physical mass, are large in 
terms of contained radioactivity. ‘These are 
chiefly the “ashes” of the fission process (fission 
products) , which form within the fuel material 
and all but a tiny fraction of which normally re- 
main locked inside the sealed fuel assemblies. 
This material is removed periodically from the 
plant when spent fuel assemblies are taken out 
of the reactor, loaded into shielded containers, 
and shipped away for reprocessing. The compar- 
atively few fission products that escape from the 
fuel assemblies, together with short-lived radio- 
active substances formed outside the fuel (acti- 
vation products), are routinely removed by 
purification equipment, securely packaged and 
shipped away for burial at federally controlled 
sites. Only trace amounts are released to the 
plant environs. 

The release of radioactivity from nuclear 
power plants is restricted by regulations of the 
U.S. Atomic Energy Commission, which has stat- 
utory responsibility for the licensing of all nu- 
clear power activities. 

Since December 1970, responsibility for set- 
ting the radiation standards has been vested in 
the Environmental Protection Agency, which to 
date has made no change in the limits pre- 
viously established by the Federal Radiation 
Council. 

In its development of regulations to imple- 
ment the radiation standards, the AEC has con- 
sistently sought to keep radioactivity releases 
from nuclear power plants not merely within 
the limits allowed by the standards but as low 
as practicable. In mid-1970, the AEC proposed 
an amendment to its regulations to limit nu- 
clear plant radiocativity releases to 1 percent of 
the exposure established by the Federal radia- 
tion protection guides for the general public. 
This action reflects two important nuclear 
power trends: first, the actual experience with 
radioactivity releases from nuclear power plants 
has been excellent; second, recent advances in 
reactor system design will enable future nuclear 
power plants to do an even better job of radio- 
activity confinement. 
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Water quality: The electric power industry 
relies heavily on the nation’s water resources. It 
uses but does not consume approximately four- 
fifths of the total water used by all industry for 
cooling purposes. It also accounts for nearly 
one-third of the total water uses for all pur- 
poses. The power industry’s use of water (as 
coolant but not for consumption) is expected to 
increase substantially along with the nearly 
quadrupled scale-up of power generation in the 
next two decades. 

The principal ways in which electric power 
operations can affect water quality are through 
the discharge, from thermal power installations, 
of heat, chemicals and, in the case of nuclear in- 
stallations, trace amounts of radioactivity. Addi- 
tionally, there is the possibility of effect through 
sheer physical displacement—i.e., water flow. 
Of these possible sources of effect, heat is the 
most significant and has attracted the greatest 
amount of attention from conservationists, ecol- 
ogists and the public. Therefore we will speak 
first, and mainly, to this topic. 

It is a basic law of thermodynamics that 
whenever heat energy is converted to another 
form, there is a net loss that becomes “waste 
heat.” In modern fossil-fuel-fired power plants, 
up to 40 percent of the heat released in the 
boiler is converted into electrical energy. The 
unused heat energy is discharged to the plant’s 
environs, about 90 percent of it going into the 
water that is used for condenser cooling and the 
balance being carried into the atmosphere by 
the stack gases. Today’s nuclear plants operate 
at lower thermal conversion efficiencies (around 
31%) and thus discharge more waste heat per 
kilowatt-hour of electrical output. Since there is 
no loss through a stack from a combustion proc- 
ess, essentially all the waste heat from a nuclear 
plant goes into the turbine condenser cooling 
water. 

Most often the condenser cooling water has 
been handled on a “once-through” basis; in other 
words it is drawn from a body of water such as 
a river, pumped through the condenser and 
then discharged directly back to its source. 
Large flows of water are involved—about 1,500 
cfs13 in a modern 1000 megawatt fossil-fueled 
plant. Typically, the discharge stream is from 
10° to 30°F warmer than the inlet stream. How- 


13 cubic feet per second, 


ever, as the warmed water rejoins and mixes 
with the receiving body of water, the tempera- 
ture difference quickly reduces and, depending 
on local conditions, is often undetectable a few 
hundred yards from the discharge point. 

There is a valid concern that the local tem- 
perature differences and their effect on the oxy- 
gen content of the water and on other condi- 
tions important to the aquatic eco-system, 
together with the sheer movement of so much 
water, may upset the natural balance of aquatic 
life. Research is under way by both utilities and 
government agencies to understand thermal ef- 
fects and to establish criteria for warm water 
discharges from power plants. The indications 
to date from this research are that, when prop- 
erly controlled, warm-water discharge from 
power plants has had little, if any, adverse effect 
on water quality and, indeed, in some localities 
is considered beneficial to fish life. In isolated 
cases fishkills have resulted from fish being 
trapped against the intake screen or being at- 
tracted to the warm water at the discharge point 
and then being caught by changing conditions. 
Such problems have been solved or show prom- 
ise of solution by engineering modifications with 
guidance of fishery biologists. Concern persists, 
however, and until a very great deal of addi- 
tional investigatory work has been done, and 
until enough has been learned to enable scien- 
tists to correlate and generalize upon results ob- 
tained under a wide variety of conditions, con- 
clusive answers will be lacking. 

Government agencies have responded to 
public concern by establishing or proposing 
strict regulations governing warm-water dis- 
charge. ‘(The landmark step was the enactment 
of the Water Quality Act of 1965. In 1968, com- 
prehensive Water Quality Criteria were issued 
by the Federal Water Quality Administration, 
then a branch of the Department of Interior 
and subsequently incorporated into the Environ- 
mental Protection Agency (EPA). In most states 
no thermal power plant can be built until the 
responsible regulatory agency is satisfied that 
applicable water quality standards will be met. 

Alternatives to the direct discharge of heat to 
natural bodies of water (once through cooling) 
include man-made cooling ponds or lakes and 
cooling towers, which may be either “wet,” re- 
jecting heat to the atmosphere by water evapo- 
ration, or ‘dry’ where heat is transferred by 
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conduction as in the automobile radiator. All 
involve considerable added cost and large struc- 
tures as compared to once-through cooling. 

However, as a result of the increasing diff- 
culty in finding sites where power plant waste 
heat can be acceptably discharged to natural 
bodies of water, utility plans for new generation 
facilities are increasingly based on the use of 
cooling ponds and cooling towers. The Commis- 
sion staff believes that the trend will continue 
and that by 1980 the great majority of new gen- 
eration facilities, except for those on the coasts, 
will employ some form of closed cycle cooling 
system. If the standards are found to be overly 
stringent, the nation’s electricity consumers will 
be carrying an unnecessary and increasing cost 
burden, perhaps to the detriment of other more 
critical environmental needs. 

Since the nation’s water resources are complex 
(consisting of oceans, lakes, rivers, streams, estu- 
aries, surface reservoirs and underground water 
tables, which have relationships one to another) 
and since the nation uses these resources in mul- 
tiple and often interrelated ways, it is necessary 
to take a “‘systems’” view of water quality prob- 
lems. At the same time, the broad scope and 
complexity of the subject mandates a case-by- 
case approach to the problem of setting stand- 
ards. This involves studying a particular water 
or body or stream system to establish its basic 
ecological characteristics and to assess how these 
characteristics might be affected in the short and 
long term by current and projected future uses. 

Neither cooling ponds nor cooling towers are 
completely free of environmental effects (in es- 
thetics, use of sizeable acreage, and local atmos- 
pheric effects). For example, the plume of water 
vapor given off by wet cooling towers can cause 
local fogging under certain climatic conditions, 
especially in northern latitudes. Also, there are 
difficulties in applying either method in coastal 
installations where saline water is used for con- 
denser cooling. 

Of less significance to water quality control 
than the thermal discharges from power opera- 
tions, but not inconsequential, are the discharge 
of chemicals. In the case of nuclear plants, the 
release of trace amounts of radioactivity must 
also be considered. ‘The chemicals involved are 
mainly those used to control fouling, algae 
growth, and the like in the tubing of the tur- 
bine condensers through which the cooling 


water flows. This practice needs careful study to 
distinguish its biological effects from those attrib- 
utable discretely to thermal discharges as the in- 
creasing scale of power operations makes both 
important factors in the future. Accordingly, 
many of the newer power plants are being de- 
signed to employ mechanical tube cleaning de- 
vices which will substantially reduce the need 
for chemicals. 

Much of what was said earlier about the air 
quality aspects of the controlled release of ra- 
dioactivity from nuclear plants applies as well 
to the release of radioactive substances into 
water bodies. Here, as in airborne releases, the 
industry's experience record has been excellent. 
Releases have been kept within a very small 
fraction of the limits set by radiation protection 
standards. Here, however, there is a special con- 
sideration that has given some ecologists cause 
for concern—namely, the possibility that some 
aquatic organisms might concentrate radioactiv- 
ity from some compounds they uptake. This ra- 
dioactivity might then find its way into the 
human food chain. (The same possibility of 
course also exists with airborne releases but to a 
much lesser degree.) Concentration phenomena 
have been taken into account in the develop- 
ment of the radiation protection regulations 
that govern the releases but in this area of envi- 
ronmental effect, there is need for continued re- 
search and for continuing monitoring programs 
to ensure that if concentration effects occur they 
will be detected and corrective actions taken. 

Land use: In the aggregate, the electrical 
power industry uses large amounts of land, com- 
prising principally generating sites and transmis- 
sion rights-of-way. A large generating station re- 
quires a site of at least several hundred acres, 
and EHV transmission right-of-way requires 
some 20 or more acres per mile of line. In the 
past it was the industry’s practice to locate gen- 
erating stations in or near load centers, which 
usually meant placing them in or close to 
densely populated areas. With the growth of sys- 
tem inter-connection, and more recently with 
the advent of mine-mouth coal-fired plants and 
remotely-sited nuclear plants, many generating 
facilities have been located at considerable dis- 
tances from load centers. This practice has 
tended to reduce land use conflicts at the load 
center but often has increased the difficulty of | 
securing the transmission right-of-way in the 
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rural areas. Moreover, the construction of gener- 
ating plants in “unspoiled country” is often 
challenged on conservation grounds and there 
have been similar challenges to the construction 
of the necessary transmission connections. 

The projected quadrupling of the scale of 
electric power operations over the next two dec- 
ades, bring with it attendant requirements for 
the development of some 300 major new ther- 
mal generating plant sites and the construction 
of some 90,000 miles of additional 230 kilovolt 
and higher voltage transmission line. While the 
selection and qualification of these sites (many 
in relatively remote locations) presents a formi- 
dable task, this picture is counter balanced con- 
siderably by a substantial number of sites al- 
ready evaluated, and by the fact that in this 
period many less usable existing sites will be 
abandoned, reducing urban area impact in 
many cases. The situation nevertheless, speaks 
for advanced land use planning for many differ- 
ent communities and land interests. 

The growth in all sectors of the country, with 
the attendant demands for land, is emphasizing 
the increasing burden of separate rights-of-way 
for highways, railways and transmission lines. 
Many believe that combined rights-of-way 
can provide advantages to the public in some 
cases, and believe that serious consideration of 
the possibilities should be undertaken. Looking 
into the future, two of the imperatives stressed 
in Part A will contribute to satisfactorily re- 
solved land use questions, improved siting pro- 
cedures and better technology to counter possi- 
ble detrimental environmental effects. 

Esthetics: Over the years the electric power 
industry has contributed its share to the in- 
dustrial “‘uglification” of the nation’s landscape 
through the construction of many badly func- 
tional generating plants and unsightly transmis- 
sion and distribution lines and also through the 
noise and intrusion of bulk coal transport and 
handling operations. So long as there was little 
or no public concern over appearances, the in- 
dustry doubtless felt, and with considerable jus- 
tification, that its public-service responsibilities 
—in particular the obligation to provide power 
at the lowest possible cost consistent with high 
dependability standards—dictated a Spartan ap- 
proach to esthetic matters. Today, the public 
mood is different and in recent years the power 
industry has paid increasing attention to es- 


thetic values. The steps it has taken include 
close attention to the architectural treatment 
and landscaping of its newer generating plants 
and distribution sub-stations; the development 
of more pleasing transmission tower designs; 
and the undergrounding, where practicable, of 
distribution lines. ‘The industry has been aided 
in the first-mentioned of these efforts by the ad- 
vent of nuclear power. Nuclear plants are inher- 
ently clean in design and since they do not re- 
quire bulk fuel handling facilities or extremely 
tall stacks, they lend themselves well to modern 
architectural treatment and park-like settings. 

While the industry has made and continues to 
make good progress in improving appearances, 
much remains to be done. Ways must somehow 
be found to replace many existing overhead dis- 
tribution lines with underground installations 
and a great deal of work needs to be done to 
develop reliable, economic techniques for the 
undergrounding of high-voltage transmission 
lines. 

General: On balance, and with the exception 
of esthetic factors, concern about the impact of 
electric power on the quality of the outdoor en- 
vironment stems more from consideration of the 
industry’s future growth requirements than from 
its effects to date. Relatedly, this discussion 
would be incomplete without reference to an 
environmental control procedure that has re- 
cently been instituted which provides the nation 
with a major line of defense against unwar- 
ranted future environmental impact. This pro- 
cedure stems from a requirement of the 
National Environmental Policy Act of 1969 that 
each federal agency, when authorizing any 
major undertaking which might significantly af- 
fect the environment, prepare, release publicly 
and circulate to interested federal and _ state 
level agencies a report assessing the expected en- 
vironmental impact and evaluating all practical 
alternative courses of action. Under the proce- 
dure established by the President’s Council on 
Environmental Quality to implement this statu- 
tory requirement, the agency primarily con- 
cerned must first circulate a draft report or com- 
parable information. Later after detailed 
comments have been received, a final report is 
prepared. These reports are regularly received 
and reviewed by the Council on Environmental 
Quality and the Environmental Protection 
Agency. 
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The potential value of this procedure as an 
environmental control can perhaps best be con- 
veyed by listing the basic subject areas these en- 
vironmental reports are required to cover. They 
are as follows: 


1. The environmental impact of the pro- 
posed action; 


2. Any adverse environmental effects which 
cannot be avoided should the proposal 
be implemented; 


3. Alternatives to the proposed action; 


The relationship between local short- 
term uses of man’s environment and the 
maintenance and enhancement of long- 
term productivity; 


5. Any irreversible and irretrievable com- 
mitments of resources which would be 
involved in the proposed action should 
it be implemented. 


Research and Development Needs ' 


General As was stressed in Part A of this 
chapter, solutions to many of the major prob- 
lems the nation faces in the electric power field 
hinge on technological progress, and technologi- 
cal progress, in turn, hinges on research and de- 
velopment. A number of specific areas of power 
technology in which there is both need and op- 
portunity for major advances have already been 
cited. The need to fill the broad gaps which 
presently exist in our knowledge of the environ- 
mental effects of power operations has also been 
cited. These major research and development 
needs, together with others not yet mentioned, 
are listed in table 1.7 under four broad catego- 
ries: generation technology, transmission tech- 
nology, distribution technology, and environ- 
mental sciences. 

Several of the needs listed in table 1.7 will re- 
quire research and development efforts of enor- 
mous scope and complexity and hence will ne- 
cessitate large financial outlays over an extended 
period. A case in point is the need, recently 
highlighted by President Nixon in his June 4, 
1971 message to the Congress on the nation’s en- 
ergy outlook, for the expeditious development 
of breeder reactors for use in central station nu- 


14 See chapter 20 for details. 


clear power plants. Achievement of this objec- 
tive will bring at least three major benefits: 

1. First, by creating more fissionable ma- 
terial than they consume, breeders will 
conserve nuclear fuel, substantially ex- 
tend nuclear fuel resources and signifi- 
cantly reduce fuel cycle costs. 

2. Second, the successful development of 
breeders will create a premium market 
for the byproduct plutonium produced 
by nonbreeders and thereby benefit the 
operating economy of existing types of 
nuclear power plants. 

3. Third, breeders are high-temperature 
systems and thus will achieve high efh- 
ciency in converting heat to electricity. 
As a result, power plants employing 
breeders will discharge substantially less 
waste heat to the environment per kilo- 
watt hour of electrical output than the 
types of nuclear power plants now in 
commercial service. 

The Atomic Energy Commission and the 
utilities have already spent hundreds of millions 
of dollars on breeder reactor development. The 
work has now advanced to the stage where plans 
are being developed for the construction of a 
commercial size demonstration breeder power 
plant to help prepare the way for introducing 
this technology into regular power practice in 
the early 1980’s. The power industry’s share of 
the cost of this demonstration project, exclusive 
of the book value of the capital investment in 
the plant proper, is estimated at $150 to $250 
million, and could well run higher. The total 
research and development costs in advancing 
breeder technology to the stage of full-scale 
commercial application are expected to ap- 
proach $2 billion. 

Another illustration of the potential magni- 
tude of the financial outlays the industry may 
be called upon to make for research and devel- 
opment in the next two decades is provided by 
the item listed on table 1.7 as “research on con- 
trolled fusion.” Fhe successful development of 
techniques for inducing nuclear fusion reactions 
under controlled conditions and of practical fu- 
sion reactors for power generation would give 
mankind the key to virtually inexhaustible en- 
ergy resources and could pay other important 
environmental dividends. Work toward this “ul- 
timate solution” to the world’s electricity needs 
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is presently at the basic research stage. Although 
significant progress has been reported recently, 
none of the laboratories engaged in this research 
has yet succeeded in demonstrating controlled 
fusion. Once this has been done, the next major 
step will be to prove that fusion reactions can 
be carried out in such a manner as to achieve a 
net energy gain. Beyond that lies the giant step 
of demonstrating the economic feasibility of 
large-scale fusion installations. Until the basic 
technical feasibility questions have been an- 
swered it will be impossible to make any mean- 
ingful estimate of the magnitude of the research 
and development problems entailed. If, how- 
ever, the nation’s and the world’s experience in 
developing fission reactors is any indicator, the 
chances are that the job of developing fusion re- 
actors will require tens of thousands of man- 
years of scientific and engineering effort and 
several billion dollars of government and indus- 
try research and development expenditures. 

In comparison with breeder reactor develop- 
ment and controlled fusion research, the other 
research and development needs listed on table 
1.7 are modest in scope but by the standards of 
most industries each represents a sizable under- 
taking in its own right. In the 1970 Survey re- 
view of these needs, two principal conclusions 
emerged. First, it would be impractical for the 
electric power industry or the nation to attempt 
to pursue all of these major needs on an all-out 
basis. Moreover, such an effort would be com- 
pletely disproportionate in light of other press- 
ing national needs. Clearly, therefore, priorities 
must be assigned and the overall effort must be 
sensibly scaled in relation to research and devel- 
opment needs outside the field of electric power. 
At the same time—and this is the 1970 Survey’s 
second principal conclusion on this subject—it 
is equally clear that the present pace of research 
and development in this field is inadequate to 
the nation’s needs and therefore the level of sup- 
port must be substantially increased both by the 
industry itself and by those agencies of govern- 
ment active in the field. 

For the past decade electric utilities have been 
supporting research and development at a level 
estimated to be equivalent to approximately one 
quarter of one percent of gross electrical reve- 
nues. The industry’s gross electrical revenues are 
currently of the order of $20 billion per year, 
and the annual rate of clearly identified utility 


research-and-development expenditure in 1969 
was in the neighborhood of $40 million. An ad- 
ditional amount of about $110 million was 
spent by utility equipment manufacturers. The 
estimate for utilities would be substantially 
higher if one were to include the “incremental” 
costs the industry has incurred in building and 
operating pioneer nuclear power stations—i.e., 
the costs incurred over and above the norm of 
the industry’s experience with conventional 
power installations of comparable size. There is 
no question but that a substantially higher rate 
of utility expenditure will be required to ensure 
a rate of technological progress commensurate 
with the industry’s needs, and that government 
support levels will also have to be stepped up. 
The allocation of effort as between the industry 
and the government (both at the federal and 
state levels) is, of course, a key consideration. 
Studies of this and other research and develop- 
ment policy questions are currently being con- 
ducted under the aegis of the Electric Research 
Council with the participation of all segments 
of the electric power industry. These studies in- 
dicate that utility expenditures, exclusive of 
funds devoted to breeder reactor demonstration, 
should be raised in the near term to an annual 
level of $150—200 million. This would represent 
a three to four-fold increase in the scale of util- 
ity-sponsored research and development and 
raises important organizational and financing 
questions. Further increases should be contem- 
plated and encouraged by regulatory authorities 
as the revamped program and organization take 
hold. 

Organizational mechanisms The past dec- 
ade has seen a trend toward deeper utility in- 
volvement in the research and development 
process. Over much of its history the utility in- 
dustry delegated much of the responsibility for 
technological progress to its equipment suppliers 
and paid the cost indirectly—i.e., through the 
purchase of equipment priced to provide for re- 
covery of the manufacturers’ research and devel- 
opment expense. This pattern began to change 
with the advent of nuclear power, the pioneer- 
ing of which required a scale of industry ex- 
penditure that mandated direct utility participa- 
tion, in some cases by individual utilities but 
more commonly by groups of utilities working 
as teams. Also, since nuclear power represented 
a fundamentally new technology and showed 
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Category 


A. Generation 
Technology 


TABLE 1.7 


Major Research and Development Needs in the Field of Electric Power 


— 


NO 


“I 


10. 


1 


—y 


12 
13: 
14. 


. Improvement 


Item 


. Reduction of sulfur emission from fossil- 


fuel-fired plants through the development 
of equipment for the removal of sulfur 
dioxide from combustion gases and of 
techniques for the removal of sulfur from 
coal before it is burned. 


. Reduction of nitrogen oxides emissions 


from fossil-fuel-fired plants through closer 
control of combustion conditions. 


. Reduction of particulate emission from 


fossil-fuel-fired plants through the con- 
tinued refinement of electrostatic precip- 
itators and other stack gas scrubbing 
equipment and techniques. 


. Reduction of radioactivity releases from 


nuclear plants through continued refine- 
ment of plant and equipment design and 
operating techniques. 


. Reduction of warm-water discharge from 


thermal power plants in general through 
advances in the design and use of cooling 
ponds and towers and also through the 
development of new generating tech- 
nologies (see below). 


. Minimization of the effect of warm-water 


discharge through the development of 
improved cooling water intake and dis- 
charge structures and operating tech- 
niques. 


. Continued scale-up of the size of gener- 


ating units through advances in equip- 
ment and plant design. 

in plant dependability 
through the development and use of more 
rigorous quality control techniques and 
procedures, the gathering and analysis of 
equipment reliability statistics, more so- 
phisticated maintenance programming 
and the like. 


. Development of new techniques, such as 


magnetohydrodynamics (MHD), which 
will make it possible to achieve higher 
thermal conversion efficiencies and re- 
duce waste heat rejection. 

Continued nuclear power safety research 
including study of accident mechanisms 
and testing of engineered safeguards. 


. Expeditious development of breeder re- 


actors for use in nuclear power plants. 


. Continued research on fuel cells....... 


Research on controlled fusion......... 
Investigation of the possibilities of new 
approaches to tapping solar energy. 
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Major Areas of Benefit 


Relia- — 
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Category 


B. Transmission 
Technology 


C. Distribution 
Technology 


D. Environmental 
Sciences 


TABLE 1.7—Continued 


Item 


1. Improvements in equipment reliability 
through advances in materials technology 
and engineering design, and the estab- 
lishment of needed testing facilities. 

2. Continued improvement in the esthetics 
of transmission tower design. 

3. Continued advances in extra-high voltage 
(EHV) transmission (from 500 kw to 765 
kw and above). 

4, Continued development of new trans- 
mission techniques, such as the use of 
superconducting cryogenic cable and 
DC transmission methods. 

5. Development of reliable, economic meth- 
ods for undergrounding high-voltage 
transmission line. 


— 


. Improvement in undergrounding of dis- 
tribution lines. 

2. Improvement in the automation of dis- 
tribution facilities. 


—_ 


. Continued study and monitoring of indi- 
vidual ecosystems—e.g., a particular 
lake or estuary. 

2. Development of improved techniques 
and devices for tracing the path of efflu- 
ents from power operations, including 
constituents of stack gases from fossil-fuel- 
fired plants and radioactivity releases 
from nuclear plants. 

3. Continued study of the short and long- 
term biological effects of subtle changes 
in environmental conditions resulting 
from power operations. 

4. Establishment of data gathering and 
analysis centers and technical informa- 
tion dissemination services in specialized 
areas of the environmental effects field. 

5. Continued research in the environmental 
“‘ologies”’ (seismology, meteorology, geol- 
ogy, hydrology, etc.). 

6. Development, through the application 

of the knowledge gained from the fore- 

going, of improved air and water quality 
standards and improved environmental 
protection criteria in general. 


Major Areas of Benefit 


Relia- Cost Conser- 

bility Reduc- vationof Air Water Esthetic 
and tion Fuel Re- Quality Quality Values 
Safety sources 
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promise of early commercial application, there 
was obvious need for interested utilities to par- 
ticipate intimately in the development work as a 
means of training key personnel and otherwise 
preparing themselves for the undertaking of 
commercial nuclear power projects. 

More recently, the arousing of public interest 
in environmental quality has caused utilities to 
place substantially increased emphasis on ecolog- 
ical research, much of which is inherently local 
in focus and requires direct utility support and 
close utility participation. In these and other 
ways utilities have of late become progressively 
more involved in research and development, 
and all indications are that this trend will bring 
about major changes in the “structure” of this 
important field of activity. 

With the possible exception of locally ori- 
ented ecological investigations, much of the in- 
dustry’s research and development needs cut 
across utility system lines and many of them are 
truly national in scope. This fact, plus the sheer 
magnitude of the effort that the industry will be 
required to support in the years ahead, argues 
for a coordinated approach to the planning, 
budgeting, and direction of most of its future 
research and development activity. As the indus- 
try now stands, however, its pluralistic and 
highly diverse nature presents impediments to 
effective coordination. Recognizing these facts, 
the industry through its present coordinating ve- 
hicle, the Electric Research Council, has been 
studying the establishment of a more compre- 
hensive and effective industry-wide coordina- 
tion mechanism. General agreement has been 
reached on two cardinal points: first, that the 
greatest part of the industry’s research and de- 
velopment effort should be centrally directed 
and carried out in a coordinated manner and, 
second, that the entity established to provide 
this direction and ensure this coordination 
should be a non-profit organization represent- 
ing all segments of the utility industry and ad- 
ministered by an industry-appointed board of 
directors. There also appears to be general 
agreement on the essential functions the coordi- 
nating organization would carry out, namely: 

1. To serve as the channel through which 
at least the bulk of the industry’s re- 
search and development funds would 
flow; 

2. To budget and allocate these funds 


along lines approved by its board of 
directors; 

3. To provide a continuing forum for the 
identification and assessment of the in- 
dustry’s research and development needs 
and priorities and for the formulation 
of guidelines for research and develop- 
ment undertakings; 

4. Subject to board approval, to translate 
these priorities and guidelines into spe- 
cific research and development programs, 
and to arrange for and administer their 
execution by qualified industrial organi- 
zations, research institutions and govern- 
ment laboratories and possibly in other 
facilities created for this purpose by the 
coordinating organization; 

5. To develop and implement effective pro- 
cedures for the appropriate dissemina- 
tion of the results of the research and 
development activities under its jurisdic- 
tion. 

While general industry agreement has been 
reached on the broad principles just described, 
there is as yet no industry consensus on the 
form the coordinating should take or on how it 
should be structured. There are at present two 
schools of thought on the matter. One is that 
advantage should be taken of the existence of 
the Electric Research Council, which, it is 
argued, has earned broad industry acceptance 
and provides an established framework within 
which the necessary coordinating machinery 
could, with some structural modifications and 
extensions, most readily and expeditiously be 
housed. The other school of thought is that a 
wholly new entity, amounting to an Electric Re- 
search Institute, should be created to carry out 
the vital and difficult task of research and devel- 
opment coordination. The difference between 
these two schools of thought is perhaps more 
philosophical then substantive. The ultimate 
choice between these and other possible alterna- 
tives, and the structural design of the entity de- 
cided upon, will doubtless be influenced by 
legal as well as policy considerations and also by 
financing considerations, In all of these areas 
many questions remain to be resolved. What is 
most important is that the industry resolve these 
questions with determination and dispatch so 
that it can proceed as promptly as possible to 
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implement the fundamental goals on which 
agreement has been won. 

Financing mechanisms As has been brought 
out, the indications are that the utility industry 
will need to increase the proportion of the reve- 
nues it devotes to research and development 
three or four fold in the years immediately 
ahead. There is a growing feeling that the in- 
dustry, composed as it is of diverse elements and 
a multiplicity of individual utility systems, has 
too unwieldy a structure to permit so substan- 
tial a scale-up of research and development ef- 
fort to be achieved on a purely voluntary basis 
with utilities individually deciding the level of 
funding they will support. Some form of general 
prescription which, once decided upon, would 
be binding on the industry as a whole and more 
or less automatic in its application seems essen- 
tial. Various prescriptions have been proposed, 
but upon close examination they reduce them- 
selves to one or the other of the following two 
basic alternatives: 

1. Enlist the broadest possible utility par- 
ticipation in a plan under which the 
utilities would pledge themselves to sup- 
port a given level of research and devel- 
opment on a basis proportionate to their 
size as measured by their annual kilo- 
watt-hour sales or other equitable size 
determinant. The funds they provide on 
this basis would be channeled in whole 
or in large part through a centralized 
coordinating organization as previously 
described. The participating utilities 
would enjoy free and equal access to 
the fruits of the collective research and 
development effort. (Non-participants 
would be required to pay fees or royal- 
ties for such access.) This approach pre- 
supposes that regulatory authorities 
would approve and accept the pledged 
utility expenditures as allowable ex- 
penses for rate-making purposes. Alterna- 
tively, with regulatory approval, the par- 
ticipating utilities might simply make 
an add-on charge for research and 
development and include it in the price 
cf every kilowatt-hour of electricity sold 
as a kind of rate rider. With broad in- 
dustry participation, an add-on charge 
of 0.1 mill per kilowatt-hour would be 
sufficient to achieve the general level of 


research and development presently be- 
lieved to be required ($150-200 million 
per year, exclusive of the funds needed 
for breeder-reactor demonstration which 
would be raised on an ad hoc basis) . 


2. Raise the necessary research and devel- 
opment funds by levying a flat federal 
or state tax on all electricity sales. This 
tax revenue would then be made avail- 
able to the industry, on an allocated 
basis, to enable it to meet its research 
and development responsibilities. Here, 
as above, the funds so allocated would 
be channeled in whole or large part - 
through a centralized coordinating orga- 
nization. 

In principle, these two approaches would 
achieve essentially the same end. Whether this 
would prove to be the case in actual practice is 
debatable. Government, whether at the federal 
or state level, usually seeks to avoid pre-allocat- 
ing specific tax revenues to specific expenditure 
needs since pre-allocation would deprive it of 
flexibility to adjust its expenditures to meet 
changing needs and changing circumstances. 
This consideration gives rise to the possibility 
that the tax-levy route might not assure the 
necessary momentum and continuity of industry 
research and development effort. ‘There is also 
industry concern that this route might lead to 
an undue and undesirable degree of govern- 
ment control over the industry’s research and 
development activities. The first of the above 
two alternatives appears to hold the greater 
promise. 


The Price Outlook 


The 1964 Survey outlook At the time of the 
1964 Survey the price of electricity appeared 
to be following the same generally downward 
trend which had carried the average retail price 
for residential, commercial and industrial sales, 
expressed in current dollars, from 2.7 cents per 
kilowatt-hour in 1926 to 2.2 cents in 1940 and 
1.7 cents in 1962. This long-term trend was in 
sharp contrast with almost every other price pat- 
tern in the American economy. For example, 
over the period 1940 to 1962, during which the 
average price of electricity—again on a current- 
dollar basis—was reduced by nearly 25 percent, 
the average price of consumer goods (consumer 


I~1-33 


price index) rose more than 200 percent. The 
electric power industry’s remarkable price rec- 
ord, achieved in the face of rising costs of labor 
and materials and general inflation, was made 
possible by gains in efficiency and economies of 
scale. Through technological progress the indus- 
try was able to build progressively larger, more 
efficient installations in which, despite the ad- 
verse cost factors just mentioned, the investment 
required per kilowatt-hour of electrical output 
was steadily reduced. In effect, the power indus- 
try was capitalizing on its capital-intensive na- 
ture—i.e., on the fact that a high proportion of 
the cost of producing and supplying electricity 
is made up of the fixed charges on the plant in- 
vestment (as distinct from the variable costs of 
plant operation, such as the cost of fuel). The 
industry was also capitalizing, of course, on the 
rapid growth in electrical demand and conse- 
quent periodic need for major additions to util- 
ity systems. 

In 1964, the expectation was that the down- 
ward trend in electrical prices could be 
continued. The 1964 Survey Report proposed 
that the industry adopt the goal of reducing the 
average retail price, expressed in 1964 dollars, to 
1.2 cents per kilowatt-hour by 1980, a level 
about 27 percent below that of 1962 on a con- 
stant-dollar basis. Closer coordination of utility 
planning and extension of system inter-ties were 
advocated to attain this goal, which the Survey 
estimated would reduce the nation’s 1980 electri- 
cal bill by as much as $11 billion. 

The 1970 Survey outlook The dramatic re- 
versal which has recently occurred for the first 
time in more than 25 years the long-term de- 
cline in real kilowatt-hour costs is a key indica- 


tor of the major forces of change at work in the 
business of supplying electricity. As of now, the 
actual kilowatt-hour costs have decreased within 
the limits predicted in 1964. However, it has 
now become evident that several potent factors 
have reversed the trend and give strong indica- 
tions of an upward thrust in the next two dec- 
ades. From the best estimates derived today 
from the load-supply projections and base data 
of the Regional Advisory Committees, the Com- 
mission estimates that the average actual dollar 
costs of 1.54 cents per kilowatt-hour in 1968 will 
increase to approximately 1.83 cents per kilo- 
watt-hour by 1990, measured in 1968 equivalent 
dollars, plus additions to reflect whatever infla- 
tion of the dollar is experienced up to 1990. 
While the use of 1968 dollars sets aside inflation 
factors the possible result to the consumer is re- 
flected in varying assumptions of dollar inflation 
rates showing in table 1.8. Prominent among 
the influences causing this marked change in the 
historical cost trends are: added costs for envi- 
ronmental protection and enhancement features; 
sharply increasing competition for available fos- 
sil fuels; rising fixed charges for the increasingly 
capital-intensive industry—all of which are un- 
likely to be fully offset by the gains expected 
from economies of scale and new technology. 

The distribution of the estimated 1990 costs 
(in 1968 base dollars, and possible 1990 current 
dollars) among power supply functions, as com- 
pared to the 1968 cost distribution, is shown in 
table 1.8. 

The annual compound rate of increase expe- 
rienced in the Consumer Price Index in the 
eight-year period beginning with 1962, averaged 
3.0 percent per year. If this were chosen as the 


TABLE 1.8 


Cost of Electricity to Ultimate Consumers 
[Cents per kilowatt-hour] 


1968 

Actual 
Cost 
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1990 Projected Cost 


% of 
Total 1968 With 1% With 3% With 5.7% 
Equivalent Inflation Inflation Inflation 
Dollars 

50 1.09 1.36 2.10 3.18 
13 0.30 0.37 OF57 .89 
37 0.44 0.55 0.84 128 
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projected inflation rate for the next twenty-two 
years, the average cost of electricity to consum- 
ers would rise to about 3.48¢ per kilowatt-hour 
in 1990, or more than double the current dollar 
costs in 1968. A partial reflection of the near- 
term effect of the cost increasing factors cited 
above is shown by the increase in average deliv- 
ered cost per kilowatt-hour which rose from 1.54 
cents in 1968 to 1.64 cents in 1970 in current 
dollars. 

The cost of electric power production and de- 
livery to consumers has three principal compo- 
nents: fixed charges on capital investment; fuel 
expenses, if applicable, and operating and main- 
tenance expenses, excluding fuel but including 
allocated administrative and general expenses. 
The fixed charges are dependent, of course, on 
the amount of capital investment and the fixed 
charge rates related to that investment. Future 
projections of investment costs per kilowatt of 
new generating capacity necessarily entail a 
number of judgmental factors applied to a 
range of component elements. The detailed esti- 
mates contained in chapter 19 show nuclear 
plants averaging at least 25 percent higher in 
capital cost than fossil fuel plants of the same 
size. Regional differences within a range of 
about 10 percent are shown for fossil fuel plants 
with narrower variations for nuclear plants in 
various parts of the country. However, setting 
aside yearly inflation factors, for the analyses of 
the Survey report it is assumed that averaged 
over the next twenty years the capital invest- 
ment levels per kilowatt of generation will be 
approximately as shown in table 19.3. 

The estimates for high-voltage transmission 
costs over the next two decades must be conjec- 
tural because of pressures for development of 
practical and economical solutions for under- 
grounding at least some portions of these lines. 
Projected costs in the Survey include a 15 per- 
cent addition to the estimated total cost of an 
“all overhead” transmission system in 1990. This 
addition is to allow for placing a minor percent- 
age of high-voltage transmission lines under- 
ground at high cost compared to overhead con- 
struction. Progress in undergrounding of distri- 
bution facilities as distinct from transmission fa- 
cilities, is already well advanced and within the 
coming decade should be a conventional part of 
almost all systems. 


An important new element in future financ- 
ing requirements is the high initial investment 
required for fuel inventories for nuclear reactors. 
This investment, amounting to about $30 per 
kilowatt, is amortized as fixed charges, since nu- 
clear cores last for substantial periods and are 
not fully consumed during cycling through the 
generating plant. The fuel burnup, however, be- 
comes a part of fuel expense. The unique na- 
ture of nuclear fuel investment has led to recent 
endeavors to develop special financing arrange- 
ments to minimize this additional fixed capital 
burden on the utilities. 

Because of the capital-intensive nature of the 
utility industry as already noted, the annual cost 
of this nuclear fuel inventory becomes a major 
factor in overall costs of power. In recent years 
the increasing capital demands of the utility in- 
dustry have faced a competitive money market 
and interest rates near historic high levels. As a 
consequence, the Survey estimates that the com- 
posite average of fixed charges for the industry 
for steam generating plants with a thirty-year 
life would, in the next twenty years, be about 
13.7 percent, as compared with approximately 
11.2 percent in 1962. This estimated composite 
percentage reflects the whole range of types of 
thermal generation, in different regions of the 
country and facilities financed by a hypothetical 
entity representing the national mix of federal, 
municipal, cooperative and private ownerships. 

Also significant in probable influence on 
power cost trends is the prospective increases in 
costs of fossil fuels on which an estimated 61.8 
percent of power generation will depend in 
1980 and 44.3 percent in 1990. Although early 
analyses postulated somewhat lower fossil fuel 
cost increases, it is the judgment of the Commis- 
sion that fossil fuel “constant dollar” costs by 
1990 are likely to increase by approximately 50 
percent in the case of coal and oil and 100 per- 
cent in the case of natural gas. To these esti- 
mates must be added projected effects of dollar 
inflation to estimate the costs to consumers. 
Underlying these drastic increases are the factors 
already cited, including: increasing competition 
for available supplies, domestic and foreign; 
longer and more expensive transportation move- 
ments; upgrading of fuel quality; and environ- 
mental protection measures, including possible 
restrictions on strip mining of coal. It seems 
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unlikely that the total effect of all these influ- 
ences can be counterbalanced by improved eff- 
ciencies in production and use of fuels and from 
economies of scale. However, one helpful factor 
in this picture is the indication that with the 
rapid growth expected in nuclear steam gen- 
eration, its lower fuel burnup costs in 1990 
(countered in part by higher capital costs) are 
estimated to average 0.16 cents/kwh in 1968 dol- 
lars compared to a cost of 0.38 cents/kwh for 
fossil fuel and an overall average fuel cost of 
0.29 cents/kwh for all types of thermal genera- 
tion. To this extent it can be said that further 
emphasis on resolving any technical and envi- 
ronmental problems of bringing nuclear power 
into fuller use can help materially in stabiliz- 
ing the indicated general costs of power pro- 
duction. 

The electric power industry is a living instru- 


ment of public service. To maintain and im- 
prove its healthy condition it is essential to un- 
derstand the many characteristics of the industry 
as well as its problems and opportunities, which 
are examined in substantial detail in the 
National Power Survey. As the Survey indicates, 
one can anticipate processes of dynamic change 
as the industry adapts to a variety of new influ- 
ences (technical and societal) both private and 
public in nature. But the processes of change 
need to be orderly and, to the greatest extent 
possible, balanced with thoughtful consideration 
for their consequences and distinctions between 
short and long-term significance. An institution 
so complex, so important in its daily readiness 
to serve, and so intricately involved in the fab- 
ric of the nation calls for the utmost skill in 
management and scrupulous balancing of the 
public interests. 
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CHAPTER 2 


STRUCTURE OF THE ELECTRIC POWER INDUSTRY 


The electric power industry in the contiguous 
United States includes nearly 3500 systems 4 
which vary greatly in size, type of ownership, 
and range of functions. It is made up of four 
distinct. ownership segments—investor-owned 
companies, non-Federal public agencies, cooper- 
atives, and Federal agencies—and is unique 
among world systems in the diversity and com- 
plexity of its organization. Most systems serving 
large population centers are vertically inte- 
grated, i.e., they perform the functions of gener- 
ation, transmission, and distribution. In con- 
trast, there are many systems which provide 
distribution exclusively, and others that gener- 
ate some power while relying on firm purchases 
to meet part of their requirements. These are 
mostly smaller systems and are largely in the 
municipal and cooperative segments. The extent 
to which the smaller generating systems can re- 
main viable will depend in part on their obtain- 
ing additional supplies of power at costs which 
reflect the economies of large-scale generating 
plants now being constructed. 


Historical Background of the Industry 


From its small beginnings at Edison’s steam- 
electric station in New York City, the electric 
industry has experienced rapid growth and 
development. The American response to the 
continuously expanding need for electric power 
has been reflected in an intermingled pattern of 
public and private ownership of power systems. 
In the early 1880’s, local groups generally built 
electric power plants to provide energy either 
for incandescent lighting of small interiors or 
arc lighting of outdoor and large interior areas, 
both essentially night loads. The desire to uti- 
lize available generating capacity during day- 
light hours often lent impetus to the develop- 


1 There were 3445 systems as of the end of 1968. 


ment of motor loads in industrial, commercial, 
and transportation ventures. Conversely, some 
electric systems initially established to supply 
street railways or interurban lines, or manufac- 
turing or mining businesses, later expanded to 
carry the evening load of household and street 
lighting. 

The need to use direct current at compara- 
tively low voltages restricted the territory that 
could be served by the distribution network of 
any given electric power plant. Coupled with a 
limited demand for power, this resulted in the 
establishment of many small local companies. 
Frequently, two, three, or more nonintercon- 
nected plants, operating under different patents 
and owned by different concerns, were estab- 
lished in the same city. 

Introduction of the transformer in 1886 led to 
the use of alternating current, higher distribu- 
tion voltages, and an expansion of the distribu- 
tion area that could be served by an individual 
plant. Improvements in generators made possi- 
ble larger outputs at lower unit costs, while 
other technical improvements made it possible 
to supply incandescent and arc lights as well as 
direct and alternating current motor loads from 
the same power source. The increasing econo- 
mies of scale in power production and the 
standardization of equipment led to many con- 
solidations of the small electric companies serv- 
ing given communities or areas. The diminution 
of competition resulting from these consolida- 
tions of power production plants and 
distribution systems was one of the factors lead- 
ing to government regulation of public utilities. 
In a number of cases the local government ac- 
quired ownership of the electric system in an ef- 
fort to provide electric power at lower rates for 
local consumers. 

During the 1920’s the holding company form 
of business organization gained popularity 
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among investor-owned companies. In part this 
was because it accommodated expansion of sys- 
tem size; in part it was because it improved the 
ability of operating companies whose securities 
lacked investment stature to meet their growing 
needs for new capital. Holding companies pro- 
vided investors with territorial diversification 
and an opportunity for earnings growth which 
was not always available in the common stock 
of the small, local firm. 

Absorption of operating companies by large 
holding company systems became more wide- 
spread during the latter part of the 1920’s. Even 
among holding companies, there were consolida- 
tions, reorganizations, and realignments of var- 
ious sorts. As a. consequence, the proportion of 
the industry’s total capacity owned by independ- 
ent operating companies was markedly reduced. 
By 1932, systems in eight large holding company 
groups generated about three-fourths of the out- 
put of all privately owned systems. 

The depression period had a drastic impact 
on the utility holding companies and their oper- 
ations. Electric generation fell 20 percent be- 
tween 1929 and 1933. Because utility holding 
companies were financed in large part by debt 
obligations, a drop in the earnings of the oper- 
ating companies had a magnified impact upon 
the earnings of the holding companies. In some 
cases, they were unable to meet fixed interest 
obligations to their bondholders, and _ bank- 
ruptcy and reorganization proceedings became 
necessary. 

In an effort to correct the financial and ac- 
counting abuses that had occurred in some of 
the holding company operations, Congress 
passed the Public Utility Act of 1935. Title I of 
the Act authorized the Securities and Exchange 
Commission to simplify the corporate structures 
of the electric and gas industries, and thus facil- 
itate state and Federal commission regulation of 
these companies. The Securities and Exchange 
Commission was also authorized to make studies 
and recommendations as to the type and size of 
geographically and economically integrated pub- 
lic utility systems, and was given certain regula- 
tory authority with respect to public utility 
holding company systems. Title II authorized 
the Federal Power Commission to regulate 
wholesale electric rates in interstate commerce, 
to regulate some aspects of corporate manage- 
ment, finance and accounting, and to encourage 


interconnection and coordination. Although ex- 
pressly recognizing that Federal regulation in 
these matters was necessary in the public inter- 
est, Congress carefully preserved the states’ 
rights over intrastate matters. 


Ownership and Structure 


While the present patterns of electric power 
industry ownership and structure date from the 
1930’s, the composition of the industry is in a 
perpetual state of change, reflecting the interac- 
tion of technology, market growth, and institu- 
tional relationships. The historical and current 
ownership patterns in terms of numbers of 
systems are shown in table 2.1. 


TABLE 2.1 


Number of Electric Utility Systems by 
Ownership Classification 


Ownership 1927. 1937 1947 1957 1968 


Investor-Owned.. 2,135 1,401 858 465 405 


Public 
Non-Federal... 2,198 1,878 2,107 1,890 7°2,075 
REA 
Cooperativess stn 192 887 1,026 960 
Hederal ane eee 1 3 4 5 5 
sLotal Oh. 28% 4,334 3,474 3,856 3,386 3)445 


1 Excludes military and other installations where the 
electric business is not the primary function. 


As shown in table 2.2, ownership patterns 
vary among the different areas of the country, 
and ownership categories tend to be grouped in 
certain areas. For example, about one-fourth of 
the investor-owned utilities in the United States 
are in the Northeast Region, while nearly one- 
third of the public non-Federal utilities and 
cooperatives are in the West Central Region. 

The types and sizes of electric systems consti- 
tuting the power industry of the United States 
vary from state to state and from region to re- 
gion, but most states are served by several types 
of power suppliers. The State of Kentucky is il- 
lustrative. Most customers in the State are 
served by three major investor-owned utilities. 
There are also a number of municipal and co- 
operative systems, including two generating co- 
operatives. The Tennessee Valley Authority 
(TVA) sells power at wholesale to several of 
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these municipalities and cooperatives. In addi- 
tion, a special generating firm, Electric Energy 
Inc., which is owned by participating investor- 
owned companies, provides part of the genera- 
tion for the large Atomic Energy Commission 
load in Paducah, Kentucky from its plant located 
in southern Illinois. 


Table 2.2 shows that about 70 percent of the 
utility systems in the United States are engaged 
in distribution only. These systems include 
about 93 percent of the cooperatives, about 66 
percent of the non-Federal government utilities 
and about 38 percent of the investor-owned 
utilities. 


TABLE 2.2 


Number of Electric Utility Systems by Ownership Classification, Region, and Function—1968 


Investor- Public Federal REA Total 
Owned Non-Federal Coops 
Northeast 
SDISEFEDTLIOMMOMNLY 2.0.5 te ere ao Ec ce Ae he 38 Ne tA ras re ay ce 26 187 
PATI TOtH eras Ae eee et cokes Pe CLINE Bees 64 DOT atas meus & 4 121 
PUOtal Se warrant yet Pina. ath as nee thai oe 102 WICH ERR S eae 30 308 
East Central 
DIStFEDUCION ONL Y.2 ler abn tepac oe suehvayh so Relate Riera ote 18 17 A ecco nei ol ais 100 289 
JA! ld Nate: is teen & Cleo e ote Ciena toe hte Ranh ae ae 32 Chae re ere Soe 6 nis, 
PEOtaleene eyes tis ory ota ents treet 50 DAG Meer arne se 106 402 
Southeast 
Distr OU tlON ORLY ees croiass creek aa ie ao oak 15 301 0 182 498 
ANN YOvd C30, Rc: AA es ee Set rae RES a 25 28 1 8 63 
Ota Spee. Se oie eles Aen tea half 40 329 2 190 561 
South Central 
VISE TE OUCIOR O01 Viera hat eats oo are lev Ranecsvio are 16 228 0 190 434 
AMGOtherpesmrs naiecis Meteo ee Oe ere 32 160 2ey 13 206 
ERotal trustee ers Seer ere eh a 2 eee 48 388 1 203 640 
West Central 
Distribution, only 3 sntteitey-l- oes sake Meee ele 26 St2'S) .3 Rea oe ec 252 664 
ANG ae or meek 4 SUR CHOOM EOD CT ee: Sl 297 (2) 19 367 
El otaliere ries otro itn. a roca da sleet ee tla ceo 77 G83 aie. cyto Hacer 271 rOgi 
West 
DIStriDUtlONGOVY 5) 2 seve. = $ Eso sds s yee. ogres Ailey ven 4) 160 0 143 344 
PMULTOLEL. pobre Oe aah h ek ccle es a aie Ghee ic Taek ats 47 93 2 17 159 
stall Mea ee MeN eee cen thac taens oui cee 88 253 2 160 503 
Contiguous U.S. 
Distributionyonl yaw «me ce eae cts orate Aes kore 154 1,369 0 893 2,416 
Atlfotherhetsny. Serb ete cle eine ores ole re ean ae 251 706 5 67 1,029 
Ro tal Be eon os aeeone Rotts actus Shee ty ees 405 2,075 5 960 3,445 


1 Includes Southeastern Power Administration although it does not own any generating or transmission facilities. 
* The Bureau of Reclamation has projects in the West Central, West and South Central Regions but, in order to avoid 
duplication, it is shown in the West Region where most of its projects are located. 
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Investor-Owned Systems 


The investor-owned segment of the electric 
power industry consists of approximately 400 
systems. This is less than 12 percent of the 
nearly 3500 systems that comprise the total in- 
dustry. In terms of any index of size, however, 
such as kilowatt-hours generated, kilowatts of 
generating capacity, or number of customers, 
the investor-owned systems clearly constitute the 
dominant segment of the industry. 

The sizes of investor-owned systems range 
from the largest in the nation (apart from 
TVA) with annual sales in excess of 90 million 
megawatt-hours to some of the very smallest. 
The 200 largest systems own and operate more 
than 75 percent of the generating capacity and 
serve about 80 percent of the customers of the 
total electric power industry. The other slightly 
more than 200 systems have annual sales of less 
than 100,000 megawatt-hours each. 

These large investor-owned systems are for the 
most part vertically integrated. The majority are 
independently owned and operated although 48 
are subsidiaries of companies registered as hold- 
ing companies under the Public Utility Holding 
Company Act of 1935, and an additional 32 are 
subsidiaries of companies which for various rea- 
sons are exempt from the provisions of that Act. 
These 80 subsidiaries are grouped into 32 hold- 
ing company systems controlled by 18 companies, 
which are also operating electric utilities, and 14 
nonoperating holding companies. The subsidiar- 
ies of the 14 nonoperating holding companies 
provide 22 percent of the generating capacity of 
the investor-owned segment of the industry. The 
18 operating parent companies along with their 
subsidiaries provide an additional 17 percent. 

The investor-owned systems generally serve 
prescribed areas pursuant to territorial fran- 
chises granted by state or local government 
agencies. These franchises are often not exclu- 
sive in the technical sense, but under most state 
laws a second investor-owned company cannot 
be franchised in a given territory without dem- 
onstrating that additional service is required by 
public convenience and necessity. 

During recent years the electric power indus- 
try has been characterized by an increase in 
joint or coordinated actions and institutional ar- 
rangements. In addition to formal power pools 
and joint ownership arrangements, the industry 


has formed nine regional reliability councils and 
the National Electric Reliability Council as well 
as a number of planning organizations and coor- 
dinating groups. These are described in chapter 
17. 


Federal Systems 


Five large Federal agencies market federally- 
generated power in the 48 contiguous states: the 
Tennessee Valley Authority, Bonneville Power 
Administration (BPA), Southwestern Power Ad- 
ministration (SWPA), Southeastern Power Ad- 
ministration (SEPA), and Bureau of Reclama- 
tion. They are important contributors to the 
electric power supply of this country. In 1968 the 
Federal systems had about 12 percent of total 
generating capacity and generated about 13 per- 
cent of the total electric energy. In these respects 
they are second only to the investor-owned 
systems. 


The Federal Government’s role in the electric 
utility field reflects a broad range of objectives. 
The TVA, established in 1933 to develop the re- 
sources of the Tennessee River Basin, was au- 
thorized to develop hydroelectric power re- 
sources in conjunction with navigation and 
flood control. Following essentially full develop- 
ment of the hydroelectric power potential of the 
basin, TVA developed a comprehensive power 
production system by adding fossil-fueled and 
nuclear generating plants. 


It is now the nation’s largest electric system, 
having approximately twice the generating ca- 
pacity of the next largest, and is the only Fed- 
eral agency with. full responsibility to supply all 
the electric power requirements of a large geo- 
graphical area. More than half of its power 
production is sold at wholesale to municipal 
and cooperative systems, with most of the bal- 
ance going to industrial customers and Federal 
agencies. 

Except for $65 million borrowed at long term 
from the Reconstruction Finance Corporation 
and the Treasury Department in fiscal years 
1939-41, the TVA received all of its construc- 
tion funds from Congressional appropriations 
prior: to 1959. -In.1959,. the, TVA sActiwwas 
amended to permit the TVA to sell debt obliga- 
tions in the open market and to require TVA to 
pay interest to the Federal Government on the 
net appropriation investment in power facilities. 
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This amendment also required repayment to the 
United States Treasury of such investment in 
annual installments of not less than $10 million 
per year for the first five years, $15 million per 
year for the next five years, and $20 million for 
each year thereafter until a total of $1 billion 
has been repaid. 

The TVA Act gives preference to states, coun- 
ties, municipalities, and cooperatives in purchas- 
ing power for distribution, and includes a provi- 
sion specifying that any contract signed with an 
investor-owned electric company for purchase of 
TVA power can be cancelled on five years’ 
notice if the power is needed by a preference 
customer. 

Power marketed by the four large Federal 
power agencies other than the TVA is hydroelec- 
trically generated and generally supplements 
the electric power supplies of other systems in 
the areas in which they operate. The Secretary 
of the Interior is the marketing agent for power 
produced by all Federal power projects other 
than TVA. Except for sales to a number of 
large industrial customers, nearly all of the 
power is sold at wholesale to other electric 
systems. 

Bonneville Power Administration is the mar- 
keting agent for power from 33 Federal hydro- 
electric projects of the Bureau of Reclamation 
and the U.S. Army Corps of Engineers in the 
Pacific Northwest (26 of these are operating, 5 
are under construction and 2 are authorized but 
not yet under construction). It has designed 
and built the nation’s largest network of long 
distance, high-voltage transmission lines which 
serves as the main grid for all interconnected 
utilities in the Pacific Northwest. 

The Southwestern Power Administration and 
the Southeastern Power Administration market 
the power produced at Corps of Engineers hy- 
droelectric plants in the south central and 
southeastern states, respectively. SWPA has con- 
structed some transmission facilities, but SEPA 
relies exclusively on transmission arrangements 
with other systems to market its power. 

The Bureau of Reclamation operates several 
electric power systems, which include hydroelec- 
tric power plants built in widely separated areas 
in the Western States and Alaska. It has con- 
structed transmission facilities to interconnect a 
number of its own plants, as well as those of 
others, in the Missouri Basin, the Southwest, the 


Far West and the Colorado River Basin; these 
projects are generally interconnected with one 
another, as well as with other neighboring 
systems. 


Several Congressional Acts require the Secre- 
tary of the Interior, like the TVA, to give pref- 
erence to public bodies and cooperatives in the 
sale of electric power. The idea of preference ini- 
tially appeared in the Reclamation Act of 1906, 
which provided preference “‘to municipal pur- 
poses.” Preference was made more specific in the 
TVA Act of 1933 and the Bonneville Project 
Act of 1937 which explicitly direct that prefer- 
ence be given to public bodies and cooperatives 
in the sale of the power. The Flood Control Act 
of 1944 contains a similar specification with re- 
spect to power generated at Corps of Engineers’ 
projects and marketed by the Secretary of the 
Interior. Since public agencies and cooperative 
systems are given a statutory preference to buy 
the output of Federal projects, the extent of 
Federal system development has had a signifi- 
cant impact on the number, and power costs, of 
preference customers. Such costs reflect the 
lower fixed charges on capital investments in 
Federal projects by virtue of their lower interest 
costs and the absence of Federal income and 
other taxes. 


Public Non-Federal Systems 


Public non-Federal electric systems generate 
approximately 9 percent of total industry pro- 
duction and sell about 13 percent of the total 
electric energy. These systems, which include 
towns and cities, a small number of counties, 
special utility districts, and various kinds of 
state authorities, purchase approximately 35 per- 
cent of their requirements from the Federal sys- 
tems and an additional 11 percent of their re- 
quirements from investor-owned systems. ‘The 
number of systems under public non-Federal 
ownership reached its peak in the mid-1920’s 
with nearly 3100 electric systems. The number 
declined rapidly to about 2200 by 1927. In 1968, 
there were 2075 such systems, of which 1369 
purchased all of their energy requirements. 

Municipal utilities are by far the most com- 
mon form of the public non-Federal power en- 
tity. In the early stages of the industry’s develop- 
ment, many towns and cities constructed electric 
systems to provide electric power for street 
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lighting and other public uses. Most of them 
subsequently constructed distribution facilities 
to permit retail sales. Municipal utilities vary in 
size from very small systems, serving only a few 
hundred customers, to the Los Angeles Depart- 
ment of Water and Power which serves over a 
million customers. In a relatively few instances 
(e.g. Cleveland, Ohio), a municipal system and 
an investor-owned system serve within the same 
municipality. However, territorial competition 
between municipalities and other systems often 
occurs upon expansion of municipal boundaries 
into fringe areas previously served by coopera- 
tives or investor-owned systems. 

During the 1930’s and 1940’s other govern- 
ment entities such as Public Utility Districts 
were established to produce and sell electric 
power. Some irrigation districts have included 
electric power supply among their activities for 
many years. Also, some states have entered the 
power supply field via special authorities such as 
the Arizona Power Authority and the Power Au- 
thority of the State of New York; the State of 
Nebraska is served entirely by public power 
entities and cooperatives. 

Local government power agencies are exempt 
from Federal income tax and generally are not 
subject to state income tax. They are generally 
exempt from other state and local taxes but 
many of them make payments in lieu of taxes to 
their own local governments and provide power 
free or at reduced rates for street lighting, water 
pumping, and other municipal uses. Many of 
them also make other contributions to their 
local governments. 


Cooperative Systems 


The rural electrification program was initi- 
ated by Presidential Executive Order in 1935, 
and in 1936 legislation was passed establishing 
the Rural Electrification Administration as a 
lending agency. The REA has financed the con- 
struction of about a thousand rural electric serv- 
ice cooperatives in 46 states,? Puerto Rico, and 
the Virgin Islands*. ‘They range in size from 


2 There are no cooperatives in Massachusetts, Connecti- 
cut, Rhode Island or Hawaii. 

3 There are 32 electric service cooperatives which have 
repaid their loans from REA in full and are under no 
further obligations to that Agency. There are also about 
a dozen small cooperatives which were originally orga- 
nized without REA loans, 


less than a hundred members to as many as 
35,000. Though they have a total membership 
representing 10 percent of all electric power cus- 
tomers in the country, their total sales of energy 
are only about 41/4 percent of the national total, 
and their generating capacity is about 1 percent 
of the total. Their distribution costs per cus- 
tomer have been relatively high because they 
serve an average density of only about four cus- 
tomers per mile of line. On the other hand, 
they have generally avoided the relatively high 
costs associated with inner-city congestion. They 
purchase 77 percent of their wholesale power re- 
quirements—45 percent from the government 
segment (including Federal systems) and 32 
percent from investor-owned utilities; the re- 
maining 23 percent is self-generated. In 1940, 
about 92 percent was purchased—41 percent 
from the government segment and 51 percent 
from the investor-owned segment; about 8 per- 
cent was self-generated. A large part of the gov- 
ernment produced power comes from Federal 
hydroelectric projects over Federal transmission 
lines, or via transmission arrangements with 
neighboring utilities. 

The REA program promoted the formation 
of small distribution systems purchasing their 
power at wholesale from existing electric utili- 
ties in their areas. As the distribution coopera- 
tives grew in size, some of them organized gener- 
ation and transmission (G&T) cooperatives for 
the construction of facilities to supply their own 
power. REA’s stated policy is to make loans for 
G&T facilities only (1) where no adequate and 
dependable source of power is available to meet 
the consumers’ needs, or (2) where the rates of- 
fered by existing power sources would result in 
a higher cost of power to consumers than the 
cost from facilities financed by REA, and where 
the power cost savings that would result from 
the REA-financed facilities bear a significant re- 
lationship to the amount of the proposed REA 
loan. The G&T cooperatives have gradually be- 
come an important power source; they now gen- 
erate over 20 percent of REA-borrowers’ total 
wholesale power requirements. There are about 
50 such G&T’s, some having as much as several 
hundred megawatts of generating capacity and 
participating as full members in regional power 
pools. 

Competition between cooperatives and inves- 
tor-owned utilities, and between cooperatives 


I-2-6 


and municipally-owned systems, is reflected in 
attempts to attract new customers into their re- 
spective service areas and to acquire new service 
areas. Competition has become acute in some 
places with the movement of industry into sub- 
urban and farm areas. In some cases, where a 
city is expanding its boundaries, the system serv- 
ing within the city has taken the position that 
the newly acquired citizens are its customers. 
But if the new citizens are already served by a 
cooperative, the cooperative has been reluctant 
to give them up, arguing that it took the risk of 
initiating service at a time when no other system 
was willing to serve. 

Competition is even more evident in the at- 
tempts of each type of utility to attract large, 
profitable industrial loads. In the past, some of 
the investor-owned suppliers restricted, through 
provisions in their wholesale power contracts, 
the resale of power by municipals and coopera- 
tives to large-use customers. In the Georgia 
Power Company case* and the Mississippi 
Power Company case,> the Commission has 
ruled such provisions to be unlawful. 

At the Federal level, controversy has centered 
on legislation dealing with the scope of the 


435 FPC 436, 35 FPC 818 (1966), Docket Nos. E-7099 
and E-7193. The Commission’s decision in this case was 
upheld by the Fifth Circuit Court of Appeals in 373 
F.2d 484 (CA 5, 1967). 


5 Docket No. E-7112, Opinion No. 593, issued February 
Is 1971. 


REA program and the 2 percent interest rate 
charged, the scope of Federal power projects 
which are the main source of energy purchased 
by cooperatives, and the tax provisions pertain- 
ing to the REA cooperatives. Although the REA 
cooperatives, like other consumer cooperative 
ventures, do not operate for profit and therefore 
pay no Federal income tax, they are liable in 
most instances for state and local property taxes. 
In some states they also pay gross revenue taxes, 
sales taxes, and other state and local taxes. 


Changes in Industry Size, Structure, and 
Ownership 


Table 2.3 shows the relative sizes of electric 
systems, segregated by type of ownership, for 
1962 and 1968. 

Table 2.3 shows that the number of electric 
systems in all segments of the industry decreased 
between 1962 and 1968. The investor-owned seg- 
ment showed the greatest change with a decline 
of 75 systems, or about 15 percent. Next in sig- 
nificance was the reduction of 49 systems, or 2.3 
percent, in the public non-Federal segment. ‘The 
change in the number of systems in the coopera- 
tive segment was relatively minor, and the num- 
ber of Federal systems did not change. Undoubt- 
edly, technological advances in generation and 
transmission, resulting in rapidly increasing sizes 
of new generating units and substantial in- 


TABLE 2.3 


Number of Electric Utility Systems in the Contiguous U.S. by Size and Ownership Classifications 


Annual Sales Investor- 
(millions of MWh) Owned 

1962 
OverslLOMr ceri irre ee 18 
i=l RMN ere Colbie ee Fa ea ee Paha ae 88 
1 a Prd eek ote arse eee 85 
WinderiOyl ply its Meesaxtiae paseo meres 289 
BL Ota leer r aire tnd hece exons thas 480 

1968 
Oversl 0 Aner rst eito cto Pek AS 35 
Nil Omen eet eve sshe soc shea apse mak eames 100 
Oe) SE es eA EA cera Sines ae. eee A 61 
inrdertOe aes on eos arhecu ata ee 209 
Total. . ; EO PLE ae Peat Geen 405 


Public Federal REA Total 
Non-Federal Cooperatives 
0 3 21 
20 2 1 111 
136 0 64 285 
1,968 0 904 3,161 
2,124 5 969 S,078 
2 3 0 40 
34 2 5 141 
234 0 150 445 
1,805 0 805 2,819 
2,015 5 960 3,445 
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creases in transmission voltages, have provided a 
significant impetus to these changes. 

There has also been an important, although 
gradual, change in industry composition with 
respect to functions performed. In 1962, 2315 of 
the 3578 systems (approximately 64%) were en- 
gaged in distribution only. In 1968, 2416 systems 
of 3445 (or approximately 70%) were engaged 
in distribution only. In general, two factors 
have contributed to this trend. First, the decline 
of 75 systems in the investor-owned segment 
matched closely the decline in the number of 
investor-owned systems that had been generating 
their own power. Second, over 100 of the sys- 
tems in the non-Federal government segment 
withdrew from production of electric power and 
became “all-requirements’’ purchasers of power 
from others. These trends can be expected to 
continue as the growing scale of generation and 
transmission facilities requires increasingly large 
capital investments. 

The changes in the electric power industry 
structure described above lead directly to the 
question of the changes to be anticipated over 
the next several decades. Some have suggested 
that technological and economic forces are likely 
to cause the industry gradually to group itself 
into as few as 15 to 20 large integrated systems, 
in part because of economies of scale and im- 
proved reliability attainable when systems are 
planned and operated on a coordinated single 
system basis. Generally, those who take this posi- 
tion feel that it is very much in the public in- 
terest that this occur. They, therefore, tend to 
favor acquisition of small systems by their larger 
neighbors and to favor most mergers among 
contiguous larger systems. 

Others take the view that one of the major 
strengths of the electric power industry lies in 
the diverse and pluralistic nature of its owner- 
ship. Those taking this view believe that it is 
desirable for the industry to continue to consist 
of many systems of various sizes and various 
types of ownership, partly because competition 
among systems is maintained, and partly be- 
cause consumers can deal with a more localized 
management that may be more responsive to 
their needs. In addition it is argued that when 
systems become very large they may become 
more difficult to regulate, especially at the state 
level. Proponents of a diverse and pluralistic in- 
dustry believe that most of the advantages of 


centrally owned and operated large systems can 
be obtained by means of power pools, joint 
ownership and other coordination arrangements 
among smaller, individually owned systems. 

Still others feel that we can have the best of 
two worlds—larger, more efficient generating and 
transmission facilities, coordinated and con- 
trolled by a tight centralized structure, and at 
the same time continued local customer service 
through small and autonomous marketing com- 
panies, public agencies or cooperatives, or 
through highly individualized and decentralized 
divisions of a larger authority. 

The extent to which the trend toward greater 
concentration in the electric power industry can 
be expected to continue will depend in large 
measure upon the relative weight given by the 
industry, the regulatory agencies, and the gen- 
eral public to these points of view. 


Combination Electric and Gas Utilities 


The 78 investor-owned utilities, Classes A and 
B,® which sell both gas and electricity play an 
important role in the United States energy mar- 
ket. In 1967, these combination companies ac- 
counted for 43 percent of total kilowatt-hour 
sales and 50 percent of total electric operating 
revenues in the investor-owned segment. 

In general, the electric portion of these com- 
bination utilities is larger in terms of revenues 
and investment in plant than the gas portion. 
In 1967 the gas plant owned by combination 
companies was only 14.9 percent of the value of 
the combined electric and gas plant, although 
gas revenues were 25 percent of total revenues. 
This relationship is primarily due to the large 
investment in production and transmission facil- 
ities required for the electric service provided by 
combination companies, in contrast to the 
smaller investment in distribution facilities for 
the gas service they typically provide. 

In table 2.4, combination utilities are divided 
into three size categories (according to sales in 
MWh) to distinguish their operating character- 
istics. Companies in the “large’”’ category include 
nine out of the ten largest investor-owned elec- 
tric utility operating companies in the United 


6 Class A utilities have annual electric operating reve- 
nue of $2,500,000 or more; Class B utilities have annual 
electric operating revenue of $1,000,000 or more. 
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TABLE 2.4 


Selected Characteristics of Classes A and B Investor-Owned Combination Utilities—1968 


Annual Sales 
(millions of MWH) 


VERE LOMAT@e ) Sot kten. ce toad eee eats oat eaten MY nag Sahneaehe «6 
TeNOM Grea vaye heb cals eeR, Sainte eopenchetnr: OMe ctciol chet cine Ot vick eke 
Marcersla(smiall apes: atk ones pico te treeehe errno ccsnkatens * 


States measured by total assets. These nine larg- 
est companies provide about 55 percent of the 
electric revenues and about 44 percent of the 
gas revenues of all combination companies. 

There is a variance of views concerning the 
claimed benefits or detriments associated with 
combination gas-electric companies. Those favor- 
ing separation of gas and electric services main- 
tain that the public interest is served best when 
gas and electric utilities actively compete for 
household, commercial, and industrial markets. 
These markets include space heating, water 
heating, cooking, air conditioning, refrigeration, 
clothes drying, and outdoor lighting, as well as 
steel furnaces, industrial process heating, pipe- 
line pumping and the like. This line of analysis 
contends that greater competition stimulates 
more effective management and leads to lower 
prices, expanded output, improved service; 
greater operating efficiency, and more intensive 
research and promotional activities, all giving 
the consumer greater freedom of choice. 

The advocates of combination companies con- 
tend that they have lower costs than single en- 
ergy utilities. The proponents point to econo- 
mies of joint operations such as meter reading, 
appliance inspection, service departments, sales 
and administrative staffs, and use of a single 
trench for underground distribution. In addi- 
tion, they claim flexibility in solving peaking 
problems and greater revenue stability, and 
point to advantages of dealing with only one 
utility where a customer can obtain comparative 
information concerning the preferable form of 
energy for specific needs. 


Regulation 


While the electric power industry has been 
subject to regulation of various of its activities 


% Electric % Gas 
No. of Revenues of All Revenues of All 
Companies Combination Combination 
Companies Companies 
ae Sha ee AS 13 63 .4 48.9 
oc tas ete 47 34.8 44] 
“rai 19 ipo 7.0 
PE A ai tie 79 100.0 100.0 


almost since its inception in the late 19th Cen- 
tury, the scope and tempo of regulatory activity 
has increased during the last few years. This has 
resulted in large part from: (1) concern for the 
preservation and protection of the environment, 
(2) concern for the reliability of electric power 
supply, (3) the growing importance of nuclear 
power in the total power supply, and (4) the 
rapidly rising cost of fossil fuel and capital in 
the context of a generally inflationary economy. 

Since the early part of this century, major re- 
sponsibility for the regulation of the electric in- 
dustry, especially the investor-owned segment, 
has rested with the state utility commissions. At 
the present time nearly all of the states” have 
established regulatory commissions having some 
authority for regulation of the investor owned 
electric utility systems. However, less than half 
of the state regulatory commissions have author- 
ity to regulate publicly owned and cooperatively 
owned systems. The scope of the authority of 
state commissions to regulate electric utility sys- 
tems varies considerably among the states, but 
many state commissions have rather broad pow- 
ers including the regulation of rates, accounting, 
security issues, safety and adequacy of service, as 
well as authority for certification of major prop- 
erty additions, initiation and abandonment of 
service and allocation of territory.® 

At the Federal level several agencies have im- 
portant responsibilities for regulating specific ac- 


7 The exceptions are Minnesota, Nebraska, Texas and 
South Dakota. Various forms of local regulation are au- 
thorized in these states as well as in a number of other 
states which do have state commissions. 


8For details see Federal Power Commission, Federal 
and State Commission Jurisdiction and Regulation, Elec- 
tric, Gas, and Telephone Utilities, FPC S-184, Washing- 
ton, D. C., 1967. 
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tivities of electric power systems. These include 
among others the Federal Power Commission, 
the Securities and Exchange Commission, and 
the United States Atomic Energy Commission. 

The Federal Power Commission has authority 
to provide certain types of economic regulation 
of investor owned electric utilities. It is directed 
to encourage the most efficient and productive 
utilization of all of the nation’s electric energy 
resources. Its responsibilities include the licens- 
ing of virtually all non-Federal hydroelectric 
projects, the regulation of interstate wholesale 
rates and services and the regulation of corpo- 
rate activities, accounts and reports of systems 
subject to its jurisdiction. 

The Federal Power Act makes the Commis- 
sion’s responsibility that of “. assuring an 
abundant supply of electric energy throughout 
the United States with the greatest possible 
economy and with regard to the proper utiliza- 
tion and conservation of natural resources. . . .” 
This National Power Survey represents one part 
of the Commission’s total effort to carry out 
that responsibility. An equally important part 
of that effort has been the implementation by 
the Commission of a program for adequacy and 
reliability of electric power resources, Order No. 
383-2, Policy Statement—Reliability and Ade- 
quacy of Electric Service, issued April 10, 1970, 
43 FPC 515. This order provides for: (1) the 
annual reporting of data by the nine regional 
reliability councils bearing upon future reliabil- 
ity and adequacy of service in each council re- 
gion including projections and bulk power sup- 
ply expansion plans reaching ten years into the 
future, and (2) participation of state and Fed- 
eral regulatory personnel in the deliberations 
and work of the nine councils including various 
committees established by participants in these 
councils. 

The Securities and Exchange Commission reg- 
ulates certain phases of the activities of public 
utility holding companies and their subsidiaries 
engaged in the electric utility business including 
accounting, security issuances, mergers, service 
company arrangements and intercompany trans- 
actions. The holding company device has been 
receiving considerable attention in recent years 
as a method of corporate realignment and con- 
solidation in the electric utility industry. Cur- 
rently there are several proposed consolidations 
pending before the Securities and Exchange 


Commission which are likely to have an impor- 
tant bearing upon the future ownership struc- 
ture of the electric power industry. 


The Atomic Energy Commission has author- 
ity to regulate construction and operation of all 
nuclear reactors regardless of their ownership— 
public, private, or cooperative. Its regulatory 
responsibilities and activities are discussed at 
some length in chapter 6. Recently, there has 
been increasing controversy concerning the en- 
vironmental effects of the operation of nuclear 
power reactors. Disagreement has arisen concern- 
ing appropriate radiation levels associated with 
plant operation. There have also been questions 
concerning possible adverse thermal effects re- 
sulting from cooling requirements of the nuclear 
projects. A further source of controversy relates 
to the requirement of the Atomic Energy Act of 
1954 as amended involving antitrust aspects of 
proposed nuclear projects. 


At the Federal level, concern with environ- 
mental factors has taken tangible form in the 
creation of the Environmental Protection 
Agency °. Also, the increased attention has de- 
rived in part from the enactment of the Na- 
tional Environmental Policy Act of 1969, 
This legislation requires the preparation and 
distribution of an environmental statement in 
connection with any major Federal action signifi- 
cantly affecting the quality of the human envi- 
ronment, including thorough evaluation of 
alternative courses of action.11 The Federal 
Power Commission had employed substantially 
equivalent procedures in regard to its hydro- 
electric licensing responsibilities prior to the 
passage of the National Environmental Policy 
Act. However, to effect implementation of the 
requirements of that Act the Commission issued 


9 The responsibilities and activities of this agency and 
predecessor agencies with respect to air and water quality 
control are described in detail in chapters 10 and 11. 


10 42 U.S.C. 4321, et seq. 


11 Section 102 (2) (C) of the statute prescribes an analy- 
sis of five essential points as part of the detailed state- 
ment. They are: (i) the environmental impact of the 
proposed action; (ii) any adverse environmental effects 
which cannot be avoided should the proposal be imple- 
mented; (iii) alternatives to the proposed action; (iv) 
the relationship between local short-term uses of man’s 
environment and the maintenance and enhancement of 
long-term productivity; and (v) any irreversible and irre- 
trievable commitments of resources which would be in- 
volved in the proposed action should it be implemented. 
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its Order No. 415 on December 4, 1970—which 
was later revised in Order No. 415B issued 
November 19, 1971. 

At the state level, increasing public concern 
for the quality of the environment is evident in 
the actions of state legislatures in recent years to 
strengthen the role of the state regulatory com- 
missions and other state agencies in controlling 
environmental effects of electric power 
facilities.127 Of the approximately 30 state com- 
missions which require the issuance of certificates 
for the construction of power plant and trans- 
mission lines, at least two-thirds now give con- 
sideration to the impact of the proposed facilities 
on various environmental factors. In at least 9 
states, utilities must obtain separate authoriza- 
tion from other state agencies as well as the 
regulatory commissions. 


12 A state by state summary of the authorities and ac- 
tivities relating to environmental controls affecting 
electric utilities may be found in Electric Power and the 
Environment, a report sponsored by the Energy Policy 
Staff, Office of Science and Technology, Washington, D. C., 
August 1970. 


Already heavy expenditures by electric utili- 
ties for environmental pollution control facili- 
ties, higher fuel costs relating to environmental 
standards and higher interest costs in the con- 
text of a generally inflationary economy have re- 
sulted in an unprecedented number of applica- 
tions to state and Federal regulatory agencies 
for rate increases. During the year ended June 
30, 1971, about $1 billion of annual electric rate 
increases were put into effect. Although the reg- 
ulatory burden of dealing with a workload of 
this magnitude has been severe, it is apparent 
that the more difficult problems facing the regu- 
latory agencies for the future transcend the tra- 
ditional problems of rate and economic regula- 
tion. In general, these problems encompass the 
need to assure an adequate and reliable power 
supply without undue adverse impact upon the 
environment. It is apparent that the interests of 
the consumer, the utility supplier and the gen- 
eral public in a healthy economy served by ade- 
quate and reliable power resources depend upon 
the timely and effective resolution of these prob- 
lems. 
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CHAPTER 3 
THE PROJECTED GROWTH IN THE USE OF ELECTRIC POWER 


Introduction 


The projections of electric power use in this 
chapter are a consensus of expectations of the 
general magnitude of future loads which the 
electric utility industry should prepare to serve. 
They are not intended to be forecasts in the for- 
mal sense. The extent to which actual energy re- 
quirements depart from projections in the re- 
port will depend upon many intangibles, but it 
is certain that substantial increases in electric 
energy production will be required to achieve 
national goals such as clean air and water, bet- 
ter housing, and a higher standard of living for 
lower income groups. The projections in this 
chapter cover demands of ultimate consumers— 
that is, the external loads that utilities must 
meet. They do not include internal energy con- 
sumptions such as pumping energy for hydro- 
electric pumped storage projects, station uses for 
environmental protection devices and other pur- 
poses, and transmission losses. The costs of these 
later items, however, are included in the chapter 
19 determination of the unit cost of power to 
the ultimate consumer. 


Characteristics of Electric Loads 


There are wide variations among the daily 
and seasonal electric loads of the Nation’s util- 
ity systems because of different proportions of 
energy consumption by residential, commercial, 
and industrial customers, different cycles of 
daily social activity, and different weather pat- 
terns. System loads normally are highest during 
the weekdays and drop off on weekends. Systems 
which serve predominantly residential and com- 
mercial customers usually experience a rapid 
load buildup in the early morning, a reduction 
during midday, a peak during the early evening 
hours, and very low loads after midnight. A sys- 
tem which serves a heavy industrial load usually 


experiences smaller diurnal variations. In recent 
years, many systems have experienced a change 
in the character of their daily loads, due primar- 
ily to electric air conditioning in summer and 
electric space heating in winter, These changes 
have increased peaks and extended the duration 
of daily and seasonal near-peak demand levels. 
On an annual basis, however, they have some- 
times increased the relative difference between 
average and peak loads, thus decreasing system 
load factors. 

While the daily, weekly, and seasonal loads 
differ among utilities, each system has a recur- 
ring and reasonably predictable pattern of load 
requirements. Figure 3.1 is a peak-week load 
curve of a large utility with a weekly load factor 
of about 80 percent, on which is shown hour- 
by-hour loads in the sequence in which they 
occur. Monthly and annual load factors of this 
same system would be much lower. About 50 
percent of the weekly maximum demand is con- 
tinuous and is called the system’s “base load.” 

The intermediate system load amounts to ap- 
proximately 30 percent of maximum demand 
and is continuous for periods of 12 or more 
hours on weekdays. The peak portion of the 
load, amounting to about 20 percent of maxi- 
mum demand, can oceur over a period of less 
than one hour to about 12 hours. 

The maximum one-hour load in each month 
for two regional groups of electric systems is il- 
lustrated graphically in figure 3.2. The South 
Central Region has a composite summer peak, 
and the West Region has a winter peak. A com- 
parison of corresponding loads in other years 
shows that each group has a well-defined annual 
pattern of peak loads. The monthly peak loads 
of other regional groups throughout the coun- 
try follow patterns generally somewhere between 
the extremes shown on figure 3.2. 
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Figure 3.1 


ESTIMATED 1970 MONTHLY PEAK DEMANDS 
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Figure 3.2 


Demand for Electricity 


Since the inception of the electric power in- 
dustry in the early 1880's, electric power loads 
have been growing at an average annual rate of 
about 7 percent, resulting in a doubling of loads 
about every ten years. This growth has been re- 
lated to two basic trends—a population growth 
rate of about 1.3 percent per year, and mount- 
ing per capita use. Population growth is a sig- 
nificant factor in determining the ultimate size 
of the energy market. Other major factors affect- 
ing the demand for goods and services, includ- 
ing electric energy, are technological advances, 
increases in personal income, and individual 
preferences on how available income will be 
used. The relatively low competitive cost of elec- 
tric energy has undoubtedly contributed to the 
phenomenal increase in demand, but conven- 
ience, cleanliness, versatility, and reliability of 
electrically powered equipment have generally 
been the major influences on individual and 
corporate decisions to use electricity. 


Since 1950, disposable personal income in 
terms of constant dollars has almost doubled. In 
current dollars about 40 percent of all American 
families now earn more than $10,000 per year 
compared to 3 percent in 1950. The average 
American is better educated, better informed, 
and economically more secure than ever before. 
In the future more and more tasks will be per- 
formed by machines and energy demands will 
be more sensitive to changes in both economic 
activity and technology. It took about 20 years 
to develop and market the television set, but 
comparable new products now under develop- 
ment in the laboratories are expected to emerge 
from assembly lines in only a few years. Current 
and prospective income levels will permit peo- 
ple to purchase new products in increased num- 
bers. More and more electricity is being used in 
manufacturing new products, and often the 
products themselves consume electricity in their 
operation. 

Per capita consumption of electric energy in 
this country from 1920 to 1970, and projections 
to 1990, are shown on figure 3.3. Growth in 
total energy consumption in the United States 
and the percentages of all energy used to pro- 
duce electricity are shown in figure 3.4. The 


ANNUAL PRODUCTION OF ELECTRIC ENERGY 
PER CAPITA — UTILITY AND INDUSTRIAL 
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U.S. ENERGY CONSUMPTION 
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total energy shown includes hydroelectric gener- 
ation by converting kilowatt-hours to Btu at the 
same rate as for fossil-fueled generation. In 
1970, a total of 68.8 quadrillion Btu of energy 
was consumed, of which 17.7 quadrillion Btu 
were used for generating electricity. It is ex- 
pected that approximately 143 quadrillion Btu 
will be consumed annually by 1990, of which 59 
quadrillion Btu will be used in producing elec- 
tricity. 

The average annual rate of growth of total 
energy consumption from 1970 to 1990 is esti- 
mated to be 3.7 percent. As shown in table 3.5, 
electric energy consumption, including that self- 
generated at industrial plants, is projected to in- 
crease from 1,642 million megawatt-hours in 
1970 to 3,202 million megawatt-hours in 1980 
and to 5,978 million megawatt-hours in 1990. 
The average annual growth rate for 1970 to 
1980 is thus expected to be about 7.0 percent, 
for 1980 to 1990 about 6.4 percent, and for the 
entire 20-year 1970-1990 period about 6.7 per- 
cent. At these rates of growth, energy consumed 
in the United States to produce electricity 


would increase from 26 percent of total energy 
consumption in 1970 to 41 percent in 1990. 

The production of electric energy by utilities 
was projected, in the 1964 National Power Sur- 
vey, to increase by 253 percent from 1960 to 
1980 reflecting an anticipated annual growth 
rate of 6.92 percent during 1960-70, and 6.15 
percent during 1970-80. Actual production of 
1,535 million megawatt-hours in 1970 exceeded 
the projected 1,484 million megawatt-hours by 
3.1 percent. The sum of the 1970 regional peak 
loads, totaling about 276,000 megawatts, ex- 
ceeded the projected total of 270,000 by about 
2.2 percent. 

Higher-than-expected loads, coupled with de- 
lays in completing the construction of generat- 
ing plants and greater-than-expected outages of 
equipment, have resulted in capacity shortages 
in some regions of the country—notably the 
Northeast—during each of the last four years. 


Cost Factors Influencing Demand for Electricity 


An examination of the causes of rapid 
growth in use of electric energy during the last 
half of the 1960’s reveals that in a period of 
sharply accelerating inflation in the price of 
consumer goods, the average price paid per kilo- 
watt-hour for electricity continued to drop, both 
in current dollars and in adjusted or “constant 
value dollars.” 


Because the electric utility industry is capital- 
intensive in such high degree, and because lead 
times in bringing new capacity on-line are so 
long, the impact of inflation on electric rates 
tends to lag the consumer price index by several 
years. Pressures of continuing inflation—includ- 
ing higher construction costs, higher money 
rates, higher prices for fuel, and the large out- 
lays required to meet new environmental stand- 
ards—are causing current dollar costs of generat- 
ing and delivering electricity, albeit belatedly, 
to rise sharply. These cost increases are not 
being offset by scale economies, technological 
advancements, and improved operating efficien- 
cies as they have been in the past. A result of 
this situation is a wave of recent applications to 
regulatory bodies for permission to increase elec- 
tric rates. 

This reversal in the trend of the price paid 
for electricity must be taken into account, along 
with the probable price performance of competi- 
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tive sources of energy, in re-examining the 1964 
projections of electrical use to 1980, and in ex- 
tending the projections to 1990. While customer 
acceptances of many electrical uses show little 
price elasticity, certain large and growing mar- 
kets (such as space heating) are price competi- 
tive. 

It is not surprising that the continuing in- 
creases in demand for electricity have, in 
colliding with environmental imperatives, raised 
a basic question as to the acceptability in the 
public interest of a continuing annual growth 
rate of about 7 percent. Various devices for 
dampening the use of electricity have been sug- 
gested. They range from consumer education on 
energy conservation to the elimination of lower 
rates for large-use customers (including, as some 
suggest, the imposition of actual rate penalties) 
—all with the objective of slowing electrical 
growth and/or discouraging the use of electricity 
for certain purposes regarded by some as unnec- 
essary or undesirable. 

It is possible that the current sharp increases 
in electric power costs will result in some re- 
shaping of rate structures. However, it would be 
shortsighted to view electric energy growth in 
terms of cost-price adjustments, or to question 
the rate of growth without considering the Na- 
tion’s overall energy needs and supplies. 


Environmental Protection 


There have been proposals to retard the 
growth in electric energy use in order to lessen 
the impact on the outdoor environment. How- 
ever, substantial increases in electric energy pro- 
duction will be required to achieve national 
goals calling for clean air, clean water, safer 
highways and streets, better housing, and a 
higher standard of living for low income groups. 
Electric power is required for recycling solid 
waste products and for purifying waters used in 
sewage and industrial processes. It is essential 
in such environmental protective and improve- 
ment processes as those under development for 
the desulfurization of fossil fuels or the decon- 
tamination of the gases which result from the 
combustion of fuels and for a myriad of other 
purposes to protect or improve the environment. 
Rather than being depressants, environmental 
factors may act as stimulants to use of electricity 
in the decades ahead. Electricity may become 
recognized as one of the best means of improv- 


ing environmental conditions. In its favor are 
cleanliness, efficiency, ease of transmission, and 
its generally lesser impact on the environment 
than alternative energy forms. For example, sub- 
stitution of electric space heating for individual 
fossil fuel furnaces in urban dwellings and com- 
mercial establishments could have a significant 
beneficial effect on urban air quality. Properly 
planned expansion of the use of electricity can 
contribute to maintaining a favorable environ- 
ment physically, socially, and economically. 

A stimulating effect on electric energy use 
could be expected if adequate supplies of natu- 
ral gas are not available for household heating, 
if national policy should reduce oil imports, if 
current research on new types of nuclear or 
other methods of generating power is rewarded 
by a major breakthrough, or if conversion of 
the energy in gas and oil into central station 
electric energy becomes less costly than on site 
use of these fuels. Each of these considerations 
would tend to make central station electricity 
more attractive to the consumer. Undoubtedly, 
the biggest imponderable with respect to future 
growth in electrical energy use lies in the crea- 
tivity of American inventors—and thus in un- 
identifiable “new developments.’ For example, 
any significant advance in the means of utilizing 
central station electricity as the source of energy 
for automobiles, or a decision to use it in a 
widespread program of gasification of coal, 
would greatly increase the need for electrical 
energy. 

During the next two decades national empha- 
sis and thrust is not expected to shift substan- 
tially away from economic’ growth as 
traditionally conceived in terms of goods and 
services for public and private use. It is more 
reasonable to expect that the Nation will 
achieve its environmental objectives without any 
material reduction in the quality of its electric 
services in the process, although the cost to the 
consumer of energy in any form, including elec- 
tricity, will necessarily be increased. 

Irrespective of the future course of the na- 
tional economy, growth of the electric power in- 
dustry is likely to be retarded if lack of 
agreement. on what constitutes reasonable 
changes in the environment continues to cause 
major delays in siting and construction of new 
generation and transmission facilities. Repeated 
brownouts could lead to loss of confidence by 
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the investing public so that financing the 
needed expansion could become a serious prob- 
lem, thus further compounding the difficulties 
of providing additional capacity on schedule. 
On the other hand, repeated brownouts could 
lead to consumer pressures for more expeditious 
solutions of the problems impeding the develop- 
ment of those facilities found to be necessary in 
a properly balanced program. 

Environmental considerations affect both the 
electric utility industry and the consumers. Re- 
moval of air contaminants, use of substitute 
low-sulfur fuels, construction of facilities at en- 
vironmentally favorable sites that are higher 
cost locations with reference to load centers, use 
of cooling towers or ponds, undergrounding of 
facilities, and meeting other environmental con- 
trol criteria are major factors contributing to 
the current trend toward higher consumer rates. 
If the cost of electricity increases significantly, 
the future market for such services as electric 
space heating and cooling and electrified trans- 
portation might be weakened. The anticipated 
economies resulting from improved load factors 
and high volume production would be reduced, 
and rising costs of services could cause a measur- 
able slowdown in the consumer’s demand for 
electricity. 


Weather 


The weather, particularly the highly unpre- 
dictable daily summer and winter temperature 
variation, is one of the dominant factors which 
determine the magnitude of daily peak electric 
loads. In recent years, as electric space heating 
and cooling have gained in popularity, the fore- 
casting of these daily peak loads has become in- 
creasingly more difficult. Historical records dem- 
onstrate that fluctuations in daily temperatures 
have caused some system peak loads to vary by 
more than 20 percent when other factors affect- 
ing peak loads remain relatively constant. 

Daily temperatures influence both the magni- 
tude and duration of the peaks. The air condi- 
tioning load in the summer is high from 
midmorning to early evening and winter heat- 
ing loads are heavy from early morning to late 
evening. If a system’s peaking capacity is de- 
signed to supply high peaks of short duration, it 
can become inadequate when called upon to 
serve peaks of long duration. Thus, weather sen- 
sitive loads are introducing system planning 


problems that can be solved only by taking the 
weather factor more fully into account. These 
weather effects are significant because load fore- 
casts influence the scheduling of maintenance 
and additions of generation, transmission, and 
distribution facilities. 


Potential Load Building Developments 


The continuing shift of energy use from pri- 
mary fuels to electricity is an important factor 
to consider in projecting electric energy require- 
ments to 1990. The increasingly urban society in 
America, and its overwhelmingly industrial ori- 
entation, encourage the shift and foretell its 
continuation for at least the two decades consid- 
ered in this report. 


Industry 


The manufacturing industries are expected to 
experience the most dramatic impact from new 
uses of electricity, as illustrated in the following 
sections. 


Process Heating 


New developments in the field of solid-state 
technology have made possible a silicon rectifier 
capable of handling 1,000 kilowatts compared to 
an available capability of 16 kilowatts in 1958. 
Developments of this type can open the whole 
field of process heating by introducing new 
economies in rolling mill operations and in 
those fabricating techniques calling for precise 
control of local heat applications. The load po- 
tential of process heating is expected to be 
greater than that of industrial lighting and in- 
dustrial drives which revolutionized the manu- 
facturing industries in the past. 


Electric-Arc Steel-Making Furnace 


The steel industry appears to be on the verge 
of a revolution in the steel-making process in 
which more extensive use would be made of 
electric-arc furnaces. The change is anticipated 
primarily because of several processes being de- 
veloped which are demonstrating significant cost 
reduction in ore handling operations. These 
new processes, some of which are already in use, 
roast iron ore in a reducing atmosphere of 
1,600-1,900°F. to produce a metallized sponge 
iron of 85 to 98 percent purity. Sponge iron or 
“prereduced ore,” as well as scrap metal, are ex- 
cellent charges for the electric furnace. That fact, 
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plus the control advantages of the electric fur- 
nace and its characteristic as the best device for 
melting cold metal, is expected to channel most 
of the sponge iron and scrap metal to the elec- 
tric-arc steel-making furnaces. The steel industry 
is anticipating large-scale production and wide 
availability of prereduced ore during the 1970's, 
followed by a rapid replacement of open hearth 
processes by the electric-arc furnace. This 
change, although instigated primarily for eco- 
nomic reasons, also reduces air pollution prob- 
lems traditionally associated with steel industry 
furnaces. 


In 1967 total raw steel production in the 
United States was 127.2 million short tons, of 
which 15.1 million tons were produced in the 
electric arc furnace and the remainder by the 
open hearth and basic oxygen processes. By 1990 
various analysts of the industry project a raw 
steel production of about 200-210 million tons, 
of which about 100 million tons will be pro- 
duced in the electric-arc furnace. 

Based on an energy requirement of about 400 
kilowatt-hours per ton of steel produced, an an- 
nual total of about 40 million megawatt-hours 
will be required by electric-arc furnaces by 1990. 
The electric-arc furnace will also be used to con- 
vert prereduced ore to pig iron, but it is ex- 
pected that competition from the standard blast 
furnace will limit production by this procedure 
to about 4 million tons. 


Induction Heating in Steel Industry 


During the next two decades it can be ex- 
pected that large-scale induction heating will 
take over a significant portion of the heating 
and temperature control functions in hot-rolling 
operations of the steel industry. Induction heat- 
ing can reduce heat-up time of large slabs to less 
than one hour rather than five to six hours now 
required in fuel-fired soaking pits. Less scaling 
of the slabs, more uniform temperatures 
throughout a slab, and precise control of the 
rolling temperatures, should result in increased 
production and improved quality. 


The world’s largest induction heating installa- 
tion for reheating steel slabs prior to hot rolling 
was placed in commercial operation in June 
1969. The installation can heat 650 tons of steel 
slabs per hour to over 2,300°F. The electric en- 
ergy consumption is about 310 kilowatt-hours 
per ton. Production of hot-rolled products could 


increase from 99.2 million tons in 1966 to about 
150 million tons by 1990. It is estimated that by 
1990 about two-thirds of the tonnage will be 
subjected to the electric induction heating proc- 
ess, which will require about 30 million mega- 
watt-hours of electric energy annually. 


Electro-Organic Synthesis 

During the next two decades, the electrochem- 
ical industry may resolve some of the problems 
of electro-organic synthesis now associated with 
the chemical processes. If the intensive five-year 
research program currently being considered by 
the industry is inaugurated and proves success- 
ful, substantial economic benefits would be in- 
troduced in the manufacture of plastics and in- 
dustrial chemicals. Before 1990, the electric 
utility industry may begin to feel the impact of 
high electric current synthesis processes on util- 
ity loads. 


Other Industrial Applications 

Many new industrial operations, awaiting the 
challenges of opportunity and the pressure of 
necessity, will undoubtedly be introduced during 
the next 20 years. Invention and innovation can 
be expected to continue and the demands for 
electric power will increase as technological de- 
velopments mature. Those listed below are sug- 
gestive, but certainly not exhaustive, examples. 

Infrared electric lamps are being used to 
speed up paint applications, making possible 
several applications per day. 

In St. Louis, Missouri, electric resistance heat- 
ing of a two-and-one-half mile pipeline used to 
deliver asphalt from a refinery to a barge in- 
creases the effective capacity of the line by in- 
creasing temperatures as much as 325°F. 

In Japan a technique for heating pipelines 
electrically, known as Skin Electric Current 
Tracing, has been developed recently. Heat is 
generated when an electric current is caused to 
flow on the inner surface of a tube welded or 
cemented to a pipeline. The technique is cur- 
rently being used to heat pipelines of 2- to 32- 
inch diameters carrying crude oil, heavy fuel oil, 
lubricants, and viscous food products over dis- 
tances ranging from one-half to six-and-one-half 
miles while maintaining temperatures between 
86 and 140°F. Power consumption ranges from 
10 to 50 watts per foot of tubing and as many 
as six tubes would be used on a 36-inch pipe- 
line. 


I-3-7 


356-238 O- 72 - 6 


Annual energy requirements for pumping at 
pumped storage hydroelectric plants are ex- 
pected to amount to nearly 100 million mega- 
watt-hours by 1990, only about two-thirds of 
which will be returned to the systems involved. 
It is also noteworthy that auxiliaries, such as 
cooling towers, precipitators, stack-gas scrubbers, 
and other devices currently being installed at 
most thermal plants to reduce adverse environ- 
mental effects not only consume power but re- 
duce plant efficiencies. While capacity needs are 
based on “net” plant capabilities, the effect of 
these auxiliary facilities is to increase the total 
amount of capacity that must be built and oper- 
ated. 


Residential Electric Requirements 


Electric energy used by residential consumers, 
including farm residential, is projected to in- 
crease from 270 million megawatt-hours in 1965 
to 1,467 million megawatt-hours in 1990. A sig- 
nificant factor in this projected increase is the 
growing number of residential customers who 
live in all-electric homes, where the average cus- 
tomer in the contiguous United States, accord- 
ing to 1968 reports, consumed three times as 
much electric energy as the average residential 
customer. In 1970, the average all-electric home 
customer used about 20,000 kilowatt-hours of 
electric energy. By 1990, the corresponding aver- 
age annual use is expected to be 33,000 kilo- 
watt-hours, slightly more than twice the average 
annual use of all residential customers. 

The projected increase in use of electricity in 
all-electric homes is attributable in part to in- 
creases in power-consuming appliances, but it 
also reflects the northward shift of the geo- 
graphic center of all-electric installations. In the 
past, most all-electric homes have been in the 
South where air conditioning is increasingly 
considered a necessity instead of a luxury, and 
where heating loads are relatively light. It is ex- 
pected that there will be a continuation of the 
current trend toward increased installations in 
the northern part of the country, where consid- 
erably more energy is needed for heating than 
for cooling, and where the total consumption of 
electricity in all-electric homes is considerably 
higher than in the South. 

The estimated growth in all-electric dwellings 
is shown in table 3.1. Approximately one-third 
of the new dwellings constructed in 1970 used 


TABLE 3.1 
Electrically Heated Dwellings in the United States 

1964-1990 

Year Millions of Dwellings 

1964 Ae Se Aenea cee oo Dae 
L966: a teks cetsacs. nist ae oe aE oT | 
LOGO erecta Seite Cane en Ree 3.4 
197 ORS so See re eee 4.2 
1980. Se Aah Sen eae ee 12.5 
1990 tng octane liege: cherub 24.0 


electricity for heating and cooling. The projec- 
tions are based on the assumptions that 40 per- 
cent of new dwellings constructed in the 
1971-80 decade will be all-electric, 50 percent 
constructed in the following decade will be all- 
electric, and that there will be about half as 
many conversions as there are new installations. 

By 1990 a significant increase can be expected 
also in the electric energy requirements of the 
homes that are not all-electric. The percent of 
homes that have major electric appliances will 
continue to increase until saturation is ap- 
proached. Also, many of the homes that are not 
all-electric will utilize electric space heaters to 
supplement on-site heating by fossil fuels. ‘The 
changes in market saturation in major appli- 
ances between 1960 and 1970 are shown in table 
DIZ. 

Table 3.3 is a list of the approximate wattage 
ratings and estimated 1969 annual kilowatt-hour 


TABLE 3.2 


Market Saturation Levels for Selected Electrical 
Appliances ' Contiguous United States 


[Percent] 
Appliance 1960 1965 1970 
Blectric range miei 3 oe 42 .4: I96o 
Water heater:..3-5,c.0%. 6 ose tne 18.9 23.4 31.6 
Preezerfr cr oo oe eee 23.4 PAT) 2 Bie 
Air conditioner sen eee Wa) 1 24.2 40.6 
‘Wiashersilpesareidt ooo wee 85.4 87.4 92.1 
Dryer sri nape ocie sce ee 19.6 26.4 44.6 
NW ACuLIMECleaTie hansen iii 74.3 £54635) 92.0 
Dishtwashers sone ete eee Jeol 1325 26.5 
Wiasteidisposalertacereete trae 10.5 13.6 250 
"Felevisionites. ot oo cree 89.4 106.6 141.2 


1 Statistical issues of Merchandising Week, EEI. 
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TABLE 3.3 


Approximate Wattage Rating and Estimated 
Annual Kilowatt-Hour Consumption of Elec- 
trical Appliances Under Normal Use—1969 


Appliance Average Estimated KWH 
Wattage Consumed Annually 

Air Conditioner 

(WIRD Wie saigniicae dor: 1,566 1,389 
Bed Covering......... 177 147 
Broiler: At. eae sche 1,436 100 
Carving Knife......... 92 8 
Clock Sapa inrts. 0 oi. 2 17 
Glothes Dryers... «1.4 0 4,856 993 
Coffee Maker......... 894 106 
Cooker (eggs)......... 516 14 
DeepiFat Eryer?. 37... +. 1,448 83 
Dehumidifiers ee: 257 BUt 
Dishwasher. s<.5. «ns oc 1,201 363 
PUAMIDC ELC at tee cee a 370 291 
Fan (circulating). ..... 88 43 
Fani(furnace))) fs... 292 394 
Fan (roll-about)....... 171 138 
Fan (window)......... 200 170 
Floor; Polishers... 5 «..4: 305 15 
Food Blender}... +s 386 15 
Food Freezer (15 cu ft). 341 1,195 
Food Freezer 

(Frostless 15 cu ft)... 440 1,761 
POOUUMIXCT ences oa 3: 127 13 
Food Waste Disposer. . 445 30 
Prying:Pan is nae ee. 1,196 186 
Germicidal Lamp...... 20 141 
Grill (sandwich)....... 1,161 33 
PP air Dryer ge wd a> sisus 381 14 
Heat Lamp (infrared). . 250 13 
Heat Pump..." - 11,848 16,003 
Heater(radiant).”.<5--. Ole 176 
leatingsbadeer eee 65 10 
Hot:Platewraasen «2 257, 90 
idomiditicrr eee 117 163 
Tronk(hand)) see reel 1,088 144 
Iron (mangle)......... 1,494 158 
Oil Burner or Stoker... 266 410 
Radiornrm Bite ste «6 71 86 
Radio-Phonograph..... 109 109 
Rang erinets 3 ohio 12,207 Wee 
Refrigerator (12 cu ft).. 241 728 
Refrigerator 

(Frostless 12 cu ft)... 321 PAY 
Refrigerator-Freezer 

OL 4icss ftw. ti ter. 326 1,137 
Refrigerator-Freezer 

(Frostless 14 cu ft)... 615 1,829 
Roasteretyecre oss ree W333 205 
Sewing Macine........ us 1] 
EMA soe e oe eee 14 18 
Suni Wamp cic = or 279 16 
Television (B&W)..... 237 362 
Television (Color). .... 332 502 
PL OASter siege te teib tela 1,146 39 


TABLE 3.3—Continued 


Appliance Average Estimated KWH 
Wattage Consumed Annually 

‘Kooth?Brushemse se 7 5 
Vacuum Cleaner...... 630 46 
Vibrator:ee. see. ee 40 2 
Wrattlelronta snr een: 1,116 22 
Washing Machine 

(Automatic)........ 512 103 
Washing Machine 

(Non-automatic).... 286 76 
Water Heater 

(Standard) eee 2,475 4,219 
Water Heater 

(Quick Recovery)... 4,474 4,811 


Watersbump er eee 460 231 


Source: Edison Electric Institute. 


consumption of electrical appliances under nor- 
mal use. 


Transportation 


The Electric Car 

Public concern over urban air pollution has 
given a tremendous impetus in recent years to 
development of a non-air-polluting motor vehi- 
cle. Development of an electric power source ca- 
pable of approaching the performance of the in- 
ternal combustion engine, however, has been 
frustrated by the lack of an electric energy stor- 
age device of sufficient capacity to provide the 
desirable mileage range and operating speeds. If 
the electric car is to win the tremendous poten- 
tial market for the non-air-polluting vehicle, it 
must prove at least equivalent in conventional 
performance characteristics and reasonably close 
in cost to steam-driven, liquid natural gas- 
fueled, and any redesigned gasoline fueled auto- 
mobiles. All of these alternatives are receiving 
intense developmental efforts in many countries 
of the world. Apparent advantages of electric 
power over the other types of automotive prime 
movers include less noise, simpler operation, 
and less maintenance. 

The market for electric automobiles by 1990 
is expected to be about 38 million, most of 
which would be small second or third family 
cars. Even if only one-half of that expected mar- 
ket were to develop, the annual consumption of 
electric energy for recharging batteries could 
reach about 62 million megawatt-hours per year. 
This estimate is based on the assumption that 
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electric cars would be driven an average of 6,500 
miles per year and that the energy requirement 
for recharging batteries would average 0.5 kilo- 
watt-hour per mile. This electric load, concen- 
trated mostly in the larger urban areas, would 
be equivalent to about 1 percent of the total 
electric energy production in 1990. It would 
probably have little effect upon peak demands 
because most of the cars would be in use during 
normal peak demand periods, and the batteries 
would be recharged during the night when sys- 
tem demands are low. 


Electrified Transport—Railroads 


Power requirements for the electric transport 
category, other than automotive, are estimated 
to be eight million megawatt-hours in 1990, or a 
little over 0.1 percent of energy generation in 
that year. This projection may be low, however, 
because it is heavily weighted by the fact that 
the railroads, to a very large extent, have given 
way to competition for passenger service from 
airlines and private and commercial automotive 
carriers. Other influencing factors include the 
substantial costs that would be involved in con- 
structing power-feeder facilities and modernizing 
rail beds to permit high-speed passenger and 
freight traffic. The potential power requirements 
could be as much as 25 million megawatt-hours, 
if current interest in electrified transport culmi- 
nates, during the next two decades, in coordi- 
nated action aimed at providing high-speed eco- 
nomical mass transport of both passengers and 
freight. Of this potential power requirement, 
five million megawatt-hours can be attributed to 
urban rapid rail transport and 20 million to 
electrified long-haul service. 


A growing network of high-voltage transmis- 
sion lines will be needed to serve the new loads 
which are expected during the next two dec- 
ades. This need is encouraging joint use studies 
by utilities and railroads for new rights-of-way 
which, where feasible, could appreciably reduce 
rights-of-way costs for all parties. Also being in- 
vestigated are arrangements whereby electric 
utilities might build and own catenaries which 
feed power to the locomotives. Investment costs 
of these catenaries could be recovered either by 
a facilities charge added to the normal power 
rates or by reimbursements for joint use of the 
railroad’s rights-of-way for the transmission 
lines. 


Some authorities feel that the Nation could 
best be served by concentrating long-haul service 
on about 20,000 miles of double track routes 
which by 1990 would have a traffic density of 20 
million tons annually per mile of track. If it is 
assumed that 25 kilowatt-hours are required for 
1,000 gross ton miles of haul, the annual power 
requirement for such a network of lines would 
be 20 million megawatt-hours, or 0.3 percent of 
total generation. The electric locomotive is ex- 
pected to supplement, not displace, the diesel 
engine. Electrified trunk lines are envisaged to 
link the eastern metropolitan areas from Miami 
to Boston, connect the far western centers from 
Seattle to Los Angeles, and provide a few trans- 
continental lines through the major inland cities. 


Maintenance costs of electric locomotives 
promise to be only a third of those of diesel lo- 
comotives and they also offer higher horsepower 
capabilities, shorter turnabout times, and practi- 
cally noiseless and pollution-free operation. 


Cooperative efforts underway among the utili- 
ties, railroads, and government officials may 
produce some reasonable and workable solution 
to the electrification problems. ‘The recently cre- 
ated National Railroad Passenger Corporation 
(Amtrak) is expected to provide overall leader- 
ship in the development of newer and better 
methods of passenger transportation. 


Rapid Transit 

Progress in the expansion of electrified trans- 
port within metropolitan areas is much more 
advanced than that of long-haul railroad sys- 
tems. In 1971 there were several electrified rapid 
transit systems—New York City, Chicago, Bos- 
ton, Cleveland, Philadelphia, Camden-Philadel- 
phia, and Trans-Hudson. These systems have 
over 1,200 miles of track and consume about 3 
million megawatt-hours of electric energy an- 
nually. 


By 1980, rail rapid transit systems are ex- 
pected to be in service in the San Francisco Bay 
area, Washington, D.C., Atlanta, Baltimore, and 
Pittsburgh. By 1990, St. Louis, Los Angeles, Se- 
attle, Miami, and Minneapolis-St. Paul—and 
possibly Detroit, Buffalo, and Denver—may 
have systems in service. It is estimated that by 
1990 about seven million megawatt-hours an- 
nually will be required to supply the electric en- 
ergy requirements of metropolitan rail rapid 
transit systems. 
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Outdoor Lighting 


Improved outdoor lighting is generally recog- 
nized as being both desirable and important in 
improving the quality of life but the Nation has 
only begun to consider large-scale outdoor light- 
ing as an amenity of urban living. Studies have 
shown that increased illumination levels of 
highways reduce automobile accidents, that in- 
creased lighting in downtown commercial areas 
attracts more customers, and that properly light- 
ed streets discourage crime. In 1967, there were 
3.7 million miles of streets and roads in the 
United States, of which about 0.5 million miles 
were in urban areas. Even in those areas most 
of the lighting was by low-power obsolete in- 
candescent lamps. 

In addition to residential street lighting and 
outdoor parking area lighting, the potential out- 
door lighting market also includes the 3.2 mil- 
lion miles of streets and roads in rural areas, 
some of which are lighted only at major in- 
tersections and village centers. Additional light- 
ing of such streets and roads can be expected as 
an aid in reducing the hazards of night driving. 

Commercial areas and suburban shopping 
centers provide another large potential for out- 
door lighting. It has been estimated that in 1968 
there were 3.5 billion square feet of hard-top 
parking areas at commercial centers. Some of 
these areas are illuminated to levels as high as 
eight foot-candles. Since there appears to be no 
abatement in the growth of urban sprawl and 
the continuing need for greater downtown park- 
ing facilities, commercial center lighting require- 
ments are expected to increase substantially. 
Other opportunities for additional outdoor 
lighting are associated with ornamental lighting 
of public and commercial buildings, lighting for 
security, lighting of off-street areas in public 
parks and play areas, and private commercial 
and residential properties. 


Need for Load Projections 


A rate of growth which characterizes the in- 
dustry as a whole may be inadequate as a guide 
to what can happen to any one system or group 
of systems. National averages have value for sta- 
tistical purposes, but they fail to recognize dif- 
ferences among individual systems. For this rea- 
son, the statistical material presented in this 


chapter was developed largely on a utility serv- 
ice area basis and aggregated into regional and 
national figures. 


The enormous increase in demand reflected in 
the estimates presents a challenge to the electric 
power industry. During the near future many 
decisions will be required concerning when, 
where, and how to provide a million megawatts 
of new generating capacity, several hundred new 
plant sites, thousands of miles of EVH transmis- 
sion, and several thousand major substations. 
Decisions which determine the immediate and 
future actions of the Nation’s electric supply sys- 
tems are based on a series of intermediate and 
long-term load projections by the 3,480 utility 
systems. 

Daily and weekly forecasts are used to sched- 
ule the operation of generating units to serve 
the immediate loads. Short-term projections 
generally covering 12 to 18 months, are used 
primarily to establish maintenance schedules, 
plan interchanges of power, and make final deci- 
sions with respect to fuel purchases. Medium 
range projections are perhaps the most impor- 
tant and receive the most attention because of 
the serious consequences of error. Normally they 
include forecasts for about 10 years and serve as 
the basis for investment decisions relating to 
new generation, transmission, and distribution 
facilities. Long-range projections extending be- 
yond 10 years do not have to be precise but 
should be accurate enough to serve as reasona- 
ble planning guides in identifying potential 
problems, indicating the magnitude of system 
growth, and providing a basis for long-range ac- 
tivities such as site acquisitions. 

Accurate projections enable management to 
plan generation and transmission facilities in 
proper relationship to the time of need. Overes- 
timating future load requirements can result in 
wasteful investments in excess capacity. Underes- 
timating future requirements can lead to brown 
outs, service interruptions caused by overloading 
existing facilities, and costly stop-gap expedients 
which increase the cost of service. Penalities for 
errors are paid ultimately by utility customers 
in the form of higher rates, unreliable service, 
or both. 

System load forecasting is a highly empirical 
process, differing among systems both in degree 
of sophistication and in the influence attributed 
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to factors affecting load growth. Some of the 
smaller electric systems rely generally upon sim- 
ple extrapolations of historical growth while 
larger systems give consideration to weather, 
service area population growth, income, region 
economic trends, and other factors. Sometimes 
load projections are determined by complex 
computer-oriented correlations. Whatever 
method is used, the projections are based on 
specific assumptions that affect the accuracy of 
the results. The need for realistic assumptions 
for projecting loads becomes more critical with 
the increase in number and complexity of the 
involved socio-political factors in determining 
growth rates. At the same time, establishing re- 
alistic assumptions becomes more difficult. For 
example, as weather-sensitive loads such as elec- 
tric heating and air conditioning comprise a 
greater portion of the total load, the need for 
better methods of quantifying weather effects 
becomes more critical. Also, environmental con- 
siderations, longer lead time required by equip- 
ment manufacturers, and unforeseen problems, 
such as strikes, have extended the period for 
which reliable projections are needed. It is not 
uncommon for the decision to install a generat- 
ing unit at a certain site to precede the actual 
commitment of funds to equipment manufactur- 
ers by three to five years and the actual use on 
the system by as much as ten years or more. 
When projects are formally contested, lead times 
may be extended considerably. 

In recognition of the importance of accurate 
load forecasting, the FPC created an Advisory 
Committee on Load Forecasting Methodology, 
to survey current techniques of load forecasting 
and to explore possible new avenues which 
might lead to better forecasts. The Committee 
was of the opinion that some of the econometric 
techniques developed outside the utility indus- 
try might be adaptable to electric utility needs, 
and was optimistic that more accurate forecasts 
would eventually evolve out of the variety of 
techniques now in use or proposed. Computers 
are expected to be particularly helpful in hand- 
ling huge masses of data covering system load 
characteristics, meteorological phenomena, and 
service area, regional, and national economic 
trends. The Committee concluded, however, 
that no single method or group of methods cur- 
rently in use by the industry alone can assure 


success in load forecasting and that judgment 
based on intimate knowledge of the service area 
is an indispensable element in any load forecast. 
The Committee’s report is reproduced in part 
IV of this survey. 


National and Regional Projections 


In developing projections for use in this sur- 
vey, the Federal Power Commission staff devel- 
oped load projections for 1980 and 1990. These 
projections were submitted to the Federal Power 
Commission’s six Regional Advisory Committees 
for review and modification. Some of the Com- 
mittees developed their own projections inde- 
pendently. Other Committees adopted the staff- 
developed projections with revisions. Finally, 
each Regional Advisory Committee reached a 
consensus on a projection of the magnitude of 
the loads which the systems of its region should 
be prepared to serve during the next two dec- 
ades. A summation of the regional projections 
provided the national projection. 

In projecting future power requirements to 
1990 it was assumed that during the period to 
1990 the Nation would continue to enjoy a high 
level of economic activity, technological im- 
provements in the electric utility industry would 
continue, a somewhat smaller proportion of na- 
tional resources would be channeled to military 
purposes than during the late 1960's, no disrup- 
tive epidemic or similar catastrophe would 
occur, and the Nation would continue to use 
electricity as an increasing portion of total en- 
ergy consumption. It was assumed, also, that 
wholly new technological and social concepts, 
some of which are discussed earlier in this chap- 
ter, would develop at a somewhat, accelerated 
pace. The effects of these changes were consid- 
ered as a group, however, without any attempt 
to isolate the effects of foreseeable load-building 
or load-deterring potentials into separable items. 

The Federal Power Commission staff made 
studies of estimated residential use of electric 
energy to 1990 based on nationwide historical 
data for the period 1950 to 1965 and several im- 
portant demand determinants. One study was 
based on estimated national population, two 
levels of income, and two price ratios of electric- 
ity to natural gas as the demand determinants. 
A companion study was based upon the esti- 
mated nationwide number and average sizes of 
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households rather than population and the same 
two levels of income and price ratios of electric- 
ity to natural gas. As a further check on the Re- 
gional Advisory Committee projections, similar 
studies of estimated total electric energy require- 
ments to 1990 were made by the FPC staff dur- 
ing 1969-71, using Gross National Product 
(GNP) plus the same demand determinants 
used in the residential requirements studies. A 
comparison of the range of results of those stud- 
ies and the projections of the Regional Advisory 
Committees is shown in table 3.4. 

Gross National Product—the value of all the 
goods and services produced in the United 
States—can be used as one general indicator of 
levels of national energy requirements, includ- 
ing electric power requirements. Between 1950 
and 1965, GNP, expressed in 1958 dollars, in- 
creased from 355.3 billion dollars to 617.8 bil- 
lion dollars, an average rate of growth of 3.7 
percent. In the period 1965-1970 the GNP in- 
creased in constant dollars at an average annual 
rate of about 3.2 percent. Historical and proj- 
ected increases in GNP and production of elec- 
tricity are shown graphically on figure 3.5. The 
present projections of electric energy require- 
ments are based on the assumption that the 
GNP will continue to grow at an average an- 
nual rate of about 4 percent during the next 
two decades. 


TABLE 3.4 


Comparison of Staff Econometric Study Results 
and Regional Advisory Committee Projections 
for Residential and Total Electric Utility Energy 
Requirements—1980-1990 


[Million Megawatt-Hours] 


Actual Estimated 
1970 1980 1990 
Residentiai Requirements 
Staff Studies...... 1 380 678-837 1 oe PeSI Ste) 
Regional Advisory 
Committees ere 755 1,409 
Total Energy 
Requirements 
Staff Studies...... 1 oO 2 dono 2 ONO O2Z5—O1320 
Regional Advisory 
Committeesier.n reer 3,075 5,828 
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Figure 3.5 


Projections of Electric Energy Requirements and 
Peak Demands to 1990 


In 1965 electric utilities in the contiguous 
United States produced over one billion mega- 
watt-hours of electric energy. By 1980 national 
electric energy requirements are expected, sub- 
ject to a range of values such as those indicated 
in table 3.4, to be about three billion mega- 
watt-hours and by 1990 to be almost six billion 
megawatt-hours. These estimates represent aver- 
age annual increases of about 7.4 percent during 
the 1965-1980 period and about 6.6 percent 
during the period from 1980 to 1990. During 
the 1965-70 period the average annual energy 
growth was 7.7 percent. The sum of regional 
peak loads is expected to increase from 188,400 
megawatts in 1965, to about 554,000 megawatts 
in 1980, and 1,050,000 megawatts in 1990. 

Table 3.5 shows the actual 1970 as well as 
projected 1980 and 1990 electric utility energy 
requirements and peak demands for each Power 
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TABLE 3.5 


Electric Utility Energy Requirements and Peak Loads by Power Supply Areas and Regions 


[Energy in Million MWh; Peaks in Thousand MW] 


1980 


Actual 
Power Supply 
Area and Region 1970 
Energy Peak Energy 

Leas PC Bo AE eles ar ree ee 5.6 120 9.0 
Dare ee cars RoR: 5 Ce Re EY ance tote oS oiis ened Si 2 oe 56.0 10.8 102.0 
BS Re A, Nie AD, iti Oe keel eh, ES Ai Pr ee hr SC ck ae ts I SP 46.2 Ue 74.9 
Ae ere, OS SE cs RE Ta ele es a He 2 10.1 Sok 
Lj COREA RB MOL se At rine Ey bolt Att ba A pry ei at 6 118.7 DA De 218.8 
Couette Bae A Rae tae ae ee 130 2.9 Dm) 
INortheasticas cccteiat fcr teats Dee eit creiencie eke 290.7 52.9 Ol5a3 

Lis SapagdeMt ae kas edocs Bis ors Ol ERR Ee 3259 5.4 52.6 
be Te, ESI ad GN obs noes O9 OMISaea NSN 4 dis 15.3 2.6 Ya] se: 
so Paar ae here Maree eRe ea Sn im Be tS OR ethene Bee Sa 63.0 4.7 ES lel 
LOSS ig, cease eee Se Ee ae eee LS oe oem 18.4 2.8 B92)..5) 
| UG Pape ee EP A Mae ees et eb oe up See MEER oA 54.8 9.5 102.0 
Dt RNR NAS a REE, nel Pe ree, Ge ne <A 66.3 12.3 123.0 
1G eet ae cngs crake etraonred: < ciao Oe Wee. 9.4 1.8 18.1 
Bast ‘Central. s. cee ooh ete ies eo ee 260.1 44.0 486 .6 

1S So cere et. hee Seale nie Ce ere en ee eee 25.4 4.9 57.4 
QO es os cots oF ot ed ere ee eee 94.4 16.8 185.6 
A Se ee rR re oO ee, Ce see ao ae hia 67255 12.0 143.6 
9) AAS RE PORES ee eRe PER Rm Thy chee RN Any basin dS Be 6.1 67.9 
A, SERA Ree eh TENE Lr 2's Gene A ae Mila Dee 5 35) 5} 6.9 66.2 
DAE EIS aie Dice SIs Coe Te eT Ee 50.2 9.9 GSS 
Southeast okt a cocu he wearer ecm cies meena 304.5 52.9 636 .2 

SEA Ree oS SRR: SEE RES PEER UA ee SR ae 26.1 4.6 50RD 
L4 sine ware cd lige 3 bee onde Cah rae ee Soe ea ee 50.3 10.1 105.0 
1S ee bo ah DeNbaS a cake © or she cae Ee Oe ee oe 19.5 4.4 43.8 
1G REAR poets oO ee ee ee ee 24.7 4.6 PD sta} 
GN egeires ae Spies aed eoaattes Sy cabnensl. Ar paden\ Spey Ayntey A 18.4 3.3 Some 
AO! Seb bth he ras See TEENS eee had Se oe 22.9 4.3 44.3 
QO reed oe 88 YES PE ALE othe & Sone ee AS 4.3 0.7 8.4 
DT wea sh eis ML REE oan Ae Ge RN hs ee ee Oe See 4.9 0.9 9.5 
2) 1 MELEE AE ard HEED Paci CROCS SEE NDIPENTOS PDH OIOIG Demo KO Oe 9.4 233 18.1 
Wrest"'Central 20.5. Sra aan to A OC ee eae 180.5 Bias 7 SAD IS 

Pe A sc PPR ean De aR Si cored ari oR ries ass GN gt Sel el 78 .4 
AS need A POR Rey ts Fh Uae See IRN ROA Safe oun Ry ba WOU 1.8 14.3 
ee Oi REO Sai Ie PAR oc Con niece too omicte b DES 9s 5.9 60.1 
BA ce Peale Ah snc t ok chat s vers el eine od Ae Cre 20.2 4.5 40.6 
Se Te ST ee eae enc ee ee Se eS D242 4.0 64.5 
no aera att ge ah dad Wr AON Ape bare th A GM i bettas tea 38.8 8.4 82.0 
BBs RF ee re A a ee 45.8 9.0 102.7 
south; Gentraliis2 tee fee veasiaciceel ene a eee 195.0 40.6 442.6 


Estimated 
1990 
Peak Energy 

e7 15.0 
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1226 12252 
16.7 147.2 
39-3 388 .4 
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92.8 914.7 
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Te 2 114.2 
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TABLE 3.5—Continued 


Electric Utility Energy Requirements and Peak Loads by Power Supply Areas and Regions 
[Energy in Million MWh; Peaks in Thousand MW] 


Actual Estimated 
Power Supply 
Area and Region 1970 1980 1990 
Energy Peak Energy Peak Energy Peak 

SO RNNETS EME ais wis See agais ca and hee are Gre ape Ride ors Soa le os Orn/ 1.4 15.7 2.6 28 .4 4.7 
i res BR Rec a BERRA Re ca Gee A ak a PA 4.0 0.6 9.4 1.6 18.8 oe 
Spas 15 Es ic oro PRRs ae KG, CIE 6 oo ee a eR 12% 1 BJ 23.4 4.2 45.3 8.0 
OT RI Le res ca MRA Sg acne ORT sass ec PRRS LS ptovtowey ae ash 8.6 TG 18.2 Be) 3508 6.4 
SHOE dicky ostoke ORS igiae MOO. GEIS Lan et ANS ce Meera Dae 170 11.5 DED, 21.6 4.1 
AN POPPI tr teers Wage tun sts: = havvlodeyeher'are in ottehes Sseyone es aya 7/ 2.9 31.4 hil 63n2 5, 
Oa aiet Menon ge. o op Renan SERS SO eee WE) 2 22592 18.1 3.0 2300 3.8 
EO Se AE, We ob. hea Sac Ree eR Pa 33.8 5.9 61.9 11.8 118.7 22.6 
AER CGR GY: Gs eat apace. cS ERES IR Rea ace ty a 45.0 7.6 96.8 17.4 183.0 BOA e) 
FE ick AIAN eR eRe ee EN ra A ake iS 58.6 10.5 136.0 24.1 291.0 51.6 
LT ct caettah CRORE GION COOKS Cee eR REDD. CRIA (SEs 13.4 1510 ip 298 .0 55.0 
Ne) Bio: oc aS cicabieathica MERC 1 CRORE EE EE Se LO 22% \ 4.6 0)% 9.6 108.0 20.6 
Westar Peeies PaROn ts Seite evista a o's Bay eae ae ts 303 .8 49.6 623.7 109.4 §1,232°8 216.4 
Pliotal SUL ty reco o a feapcesy soo ore, oe oe euertele he 1,534.6 215 = 050749 HAR OME OO2Ge2 1,051.4 
Industrial 2. oho ase Nee Mataakens ehoeueretnce Se LO VE7 1 eccseoicere nee WPAN OD Sea A Es ce 150209: ee eee 


1 A portion of PSA 17 was transferred to PSA 34, effective January 1, 1969. The loads shown for 1965 have been adjusted 


to reflect the current boundaries as shown in figure 3.6. 


Note: Each power supply area peak represents the sum of individual utility system peaks occurring in the same month. 
The month of peak varies among power supply areas. Each regional peak represents the sum of individual utility system 
peaks occurring in the same month and is not necessarily equal to the sum of its power supply area peaks. The peak shown 
for the 48 contiguous States is the sum of the regional peaks shown and is somewhat higher than the instantaneous peak. 


Supply Area and Regional Advisory Committee 
region. Figure 3.6 shows the Power Supply 
Areas and regions. 

Figure 3.7 shows actual and estimated electric 
utility energy requirements for the period 1880 
to 1990. The estimates for the period 1970 to 
1990 are shown as a single line on Curve A, but 
in the expanded portion (Curve B) the esti- 
mates are shown as a ridge line, bordered on ei- 
ther side by shading to reflect the range in re- 
quirements resulting from the _ several 
econometric studies by the Commission’s staff. 
For the selected Point P shown on expanded 
Curve B of figure 3.7 the electric energy require- 
ment for 1980 would be about 3.0 billion mega- 
watt-hours. By varying the combinations of as- 
sumptions considered by the staff, Point P could 
be moved to the right or left to indicate that 
this amount of electric energy consumption 
would take place at an earlier or later date than 
1980. Also, the end points of a vertical line in 


the shaded area through the Point P would in- 
dicate that in the year 1980 the energy require- 
ments might be greater or less than 3.0 billion 
megawatt-hours. If other assumptions were used, 
the shaded area might become an even wider 
band. 

Recognizing that available energy resources 
are finite and that the ultimate per capita use of 
electric energy has an upper limit, it is inevita- 
ble that the rate of growth in electric energy 
consumption eventually will decrease. There are 
too many imponderables, however, to predict 
the timing and magnitude of a much slower 
growth rate. For the period to 1990, the poten- 
tial for increased use of electric energy appears 
ample to maintain a growth rate that will result 
in approximately doubling the use every ten 
years. If there is substantial realization of this 
potential, then the projection of electric energy 
production to 1990, as shown in figure 3.7, will 
prove to be too low. 
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NATIONAL POWER SURVEY REGIONS 
AND POWER SUPPLY AREAS 


LEGEND 
Power Supply Area 
cy National Power Survey Region 


ENTRAL 


Figure 3.6 


The Commission’s Order No. 383-2, State- 
ment of Policy, issued April 10, 1970, estab- 
lished a system for the voluntary reporting by 
regional electric reliability councils of current 
and projected system data for all components of 
the electric power industry. Reports were filed 
as of September 1, 1970, and April 1, 1971, and 
subsequent reports are to be filed by April 1 of 
each year. Each will include estimates of future 
loads for a period of ten years. Such projections 
should provide the primary basis for definitive 
planning of new facilities. 

Except for the West Region, the ten-year 
projections of future loads included in the first 
two reports of the councils were higher than 
the corresponding estimates made in 1968 and 
1969 by the Regional Advisory Committees and 
included in this chapter. Projections for the 
Northeast and Southeast Regions were signifi- 
cantly higher. On a national basis, the April 


1971 estimates were about 8 percent higher than 
those prepared for the Regional Advisory Com- 
mittee reports, thus illustrating the importance 
of frequent review. 


Energy Requirements by Class of Use 


Industrial, residential, and commercial loads 
account for more than 80 percent of the total 
electric energy requirements of the contiguous 
United States, and projections of energy require- 
ments to 1990 for the various categories of use 
indicate little change in their relative propor- 
tions. 

Historical and projected annual electric en- 
ergy requirements by class of use are shown in 
table 3.6 and the projected rates of increase are 
given in table 3.7. Industry, the largest class of 
users of electric energy in the United States, is 
expected to require annually, by 1990, 2,386 
million megawatt-hours of energy from electric 
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Figure 3.7 


utility systems plus 150 million megawatt-hours 
from in-plant generation. Through 1990, the in- 
dustrial category is expected to account for 
about 40 percent of total United States electrical 
energy consumption. The estimated increase 
during this period represents an average annual 
growth rate of about 7 percent. 

Residential nonfarm use, representing about 
25 percent of the total requirements, is the sec- 
ond largest classification. This use is expected to 
increase from 254 million megawatt-hours in 
1965 to 1,409 million megawatt-hours in 1990. If 
60 percent of electric energy consumption on 
farms is assumed to be farm residential, then 
total residential electric energy consumption in 
1965 and 1990 would be 270 and 1,467 million 
megawatt-hours, respectively. On this basis, in 
1965, when there were 57.1 million households 
in the contiguous States including farm house- 
holds, the average annual electric energy con- 
sumption per household was 4,700 kilowatt- 
hours. In 1990, it is expected that the number 
of households, farm and nonfarm, will increase 
to 92.2 million, and annual electric energy con- 
sumption per household will be about 15,900 
kilowatt-hours. 
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TABLE 3.6 


Annual Electric Energy Requirements by Class of Use, Contiguous United States 


Historical Projected 
Category of Use 1965 1980 1990 
Million Percent Million Percent Million Percent 
MWh MWh MWh 
Electric Utilities 
Residential: (Nonfarm))e-cek ects eet ane reete 254 24.0 755 24 .6 1,409 24.2 
Irrigation & Drainage Pumping.............. 11 1.0 23 0.7 34 0.6 
©ther' Farm) e302) .15 oetacl acca eta oo aoe 27 D5 60 2.0 97 lkaif/ 
Commercial 44. ne ce a ee cee eer 190 18.0 SVP 18.7 1,138 19.5 
[ndustrial 2 eras cate cei eee es aiazeerene ne ier 436 41.3 W207, 40.9 2,386 40.9 
Streeti& Highway Lighting $25). cr. ato rere oe 9 OLS 23 0.8 40 0.7 
Electrified Wiransporti7s9-eede tae. cepa ie 5 0.5 7 0.2 8 0.1 
Other: Wses feu BIOS Sat Bh aod Sees oes 32 Soil 105 3.4 214 Sa7 
Losses &) Unaccounted! For). 2 len oe eee 92 8.7 268 Sez 502 8.6 
Total Utility 220s tens fetes ase ee ee 1,056 100.0 aOTD 100.0 5,828 100.0 
Industrial Establishments 
In-PlantiGeneration *a..566 soe oe eee LOD Fe eae Bene 127m cee ae 150°. eee 
Total ues cot BRS ir cheks Gie ce eee Ly 158 os eee 3, 2028 ts eecron: 5,978". Wan. see 


1 Includes residential use on farms; other residential uses in rural areas included under ‘‘Residential.”’ 
2 Excludes electrification of automobiles. 
3 Excludes industry sales to electric utilities. 


TABLE 3.7 


Projected Increases in Electric Energy Requirements by Classification of Use 1965-1990 
Contiguous United States 


Increase in Energy Average Number of 
Requirements 1965-1990 Annual Years to 
Class of Use Rate of Double 
(Million Percent Growth Consumption 
MWh) (%) 
Electric Utilities 
Residential (@Nonfarm) see eee Cee eee 1b tes) 454 7.08 10 
Irrigation and Drainage Pumping................. 23 209 4.62 15 
Other Farm SS. x. fate oe ea An A ieee ei eee 70 259 5.24 14 
Commercials, Sada. Ss cobs chee eae ee oe eae 948 498 7.41 10 
Industrial 7045.5 ee se es ee ee Oe ee 1,950 447 ~ 7.04 10 
Street and! Highway, Lighting sei ieieeeie terrae oH 344 6.14 12 
Electrified siransport @..erraer eerie eet 3 60 1.90 Bi7/ 
Other’ Uses sce tke ot dee mean A iain tere Pian ee 182 569 7.90 9 
BossesandstUnaccountedth or wae ee mere 410 446 7.04 10 
‘Total. UWtility.-" Rea coset doce ea ee eae 4,772 452 7.06 10 
Industrial Establishments 
In-Plant' Generation {3s see rt oe eee 48 47.1 155 45 
AL Ot al sy Sh coeea Hae OR eheyrea eet Seale hee ne eee 4,820 416.2 05. eke cesus alere: saat Oe 


1 Includes residential use on farms; other residential uses in rural areas included under ‘‘Residential.”’ 
2 Excludes electrification of automobiles. 
3 Excludes industry sales to electric utilities. 
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CHAPTER 4 
FOSSIL FUELS AND FUEL TRANSPORT 


Fuel Requi tf 
uel Requirements ESTIMATED ANNUAL ELECTRIC 


By the year 1990, electric power generation is UTILITY GENERATION BY 
expected to account for over 40 percent of the PRIMARY ENERGY SOURCES 


Nation’s annual energy requirements. During 
that year, fossil-fueled electric generating plants 
may require an estimated 25 quadrillion (25 x 
10°) Btu in the form of coal, gas, and oil—an 
87 percent increase over 1970. In spite of this 
increase, the relative role of fossil fuels in over- 
all thermal electric power generation will di- 
minish from about 82 percent of total genera- 
tion in 1970, to only 44 percent of total 
generation by 1990. The projected changes in 
the proportions of total generation produced in 
hydroelectric, nuclear, and fossil-fueled plants 
are illustrated in figure 4.1. The projected gen- 
eration of electric energy by primary energy 
sources is shown in figure 4.2 and table 18.8. 


BILLION MEGAWATT HOURS 


PROJECTED GENERATION MIX 


The rapidly growing primary energy require- 
ments of the electric power industry will place 
ever-increasing demands on both domestic and 
foreign fuel resources. During the 21-year period 
1970-1990, the industry is expected to burn 10 
billion tons of coal, 80 trillion cubic feet of gas, 
and more than 13 billion barrels of oil. Annual 
consumption of fossil fuels for electric power 
generation for the 10-year period 1961-1970 and 
projected consumption for selected years to 1990 
are shown in figure 4.3 and table 4.1. The out- 
look by Regions is summarized in the final por- 
Figure 4.1 tion of this chapter. 
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ESTIMATED ANNUAL FOSSIL FUEL 
REQUIREMENTS FOR ELECTRIC UTILITY 
GENERATION 
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Coal 


Coal is the most abundant indigenous fossil 
fuel and currently provides the primary energy 
for about 56 percent of fossil-fueled electric gen- 
eration, or slightly less than one-half of total 
electric generation. In the ten years from 1961 
to 1970, electric utility consumption of coal in- 
creased steadily, as shown in table 4.2. 

The bulk of the coal currently consumed by 
electric utilities is bituminous. Only about 2 
million tons of anthracite and about 3.5 million 
tons of lignite are consumed each year for 
power generation. The major attractions of bi- 
tuminous coal to the utilities have been its rela- 
tive abundance and the coal industry’s ability, 
until recently, to maintain price stability despite 
inflation. During the five-year period 1961-1965, 
the average mine price of bituminous coal and 
lignite actually declined. This decline, together 
with a declining trend in the average price of 
railway coal transport—primarily an outgrowth 
of innovations in transport and handling tech- 
nology—led to decreases in the “as burned” 
price of coal to electric utilities. Electric utility 
use of coal increased by an average of about 13 
million tons per year while the combined re- 
quirements for all other needs at home and for 


_ export remained nearly constant. Consequently, 
the electric utility industry’s role as the largest 
TABLE 4.1 


Annual Consumption of Fossil Fuels by Electric Utility Power Plants, 1961-1970, and Projected to 1990 


Conventional Units } 


Year 

Coal Gas Oil 

LOG) os cette neko 182i. ly825eh 85 
LOG 2. reset tice 193.2 1,966.0 85 
T9G3 So oa catia 2Z1T 3 92, 1445 93 
1964. Sete a O24 W222 9 MO ie 
L9G Dinos eke. 24475802, 52101 ie 
1966.0 we nos ie 266.5 2,609.9 140. 
LOGT OA partes 274.2 2,746.4 161. 
196384 toe PRPS Bi NC ae® 188. 
T9698 Fs aera 310.3 3,486.4 250. 
197032 ated os 822 3,894 332 
197 Darra 425 4,110 565 
TOS OR race Cet 500 3,800 640 
LOS5s ote eee 600 3,800 725 
800 


ODWONH WON 


10° Tons of Coal Equivalent 2 


Percent of Total 


Coal 
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PAVING 
233% 
253" 
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280. 
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396 


464. 
DOF. 
644. 
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Gas Oil Total Coal Gas Oil 


76.3 2156 27 2el 64.1 28.0 739 
82.3 Mall od 289 .4 64.1 2024 tho 
89.6 2359 Spay 7/ 64.2 28 .4 the 
97.0 25.6 338.3 63.7 28.7 726 
S7EO 29.0 wwe 64.9 27.0 Sal 
109.2 3) Od) 63.6 2750 8.9 
114.7 40.6 413.6 62.5 PG i 9.8 
131.4 47.5 4B) 4: 61.1 28.6 10.3 
145.5 63.2 501.0 58 .4 29.0 12.6 
TO, 82.8 Bee sal 5oaL Jory SEZ 
170.2 1402 707.5 56.0 24.0 20.0 
UBiFas 160.0 UD BG 20.1 20.5 
Ney 8 181.3 893 .0 62.1 17.6 20.3 
174.0 200.0 1,018.0 63.3 17-1 19.6 


Be URE ne Gere Oca 700 4,200 


1 In millions of tons of coal, millions of barrels of oil, 
2 A ton of coal equivalent was assumed as containing 25 million Btu. 


and millions Mcf of gas. 
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TABLE 4.2 


Total Domestic and Utility Consumption of Coal,’ 1961-1970 


Total 
Domestic 
Year Production 
in 10° Tons 
NOG ewer crac ance cia oer eesits a ek ins 420.4 
LOG 2 Pe Se ee ce nay cl ta, cekoge cuenoenelt 439 .0 
LOGS Meme tee ts earn Se tee ce tes anes 477.2 
OO AMET et rte rae Rah aris Giecsennsene ns 504.2 
LOGS ec ane es ae eee 52780 
POGO Mere eres re aston Gre ahd Mae eae 546.8 
WSSSZ seen un ScoMBG eter eA a te a 564.9 
LOGS ee hs et eae oes ye ote Gg DOR 
CYS) oo didith ed hacen ayy eee eae HAO 
UOT ORM. ae artes eee Deen oe es 605.8 
TROVAG) TREASON, eyo 35 Bie Sheena a oe 1.44 


Total Electric Utility Average Cost 
Domestic Utility Consumption to Utilities 
Consumption Consumption as Percent ‘‘as Burned’’ 
in 10° Tons in 10° Tons of Total in Cents Per 
Consumption 10° Btu 

390.3 (tee il 46.7 25.8 

402.8 193.2 48 .0 25.6 

423.3 21e3 49.9 25.0 

445.5 225.4 50.6 24.6 

472.1 244.8 51.9 24.4 

497.7 266.5 53S 24.7 

491.1 274.2 55eS PIS) 

509 .0 297.8 58.5 Dan 

516.9 SLORS 60.0 26.6 

519.0 322.0 62.0 N.A. 

133 LIN TE UAE elo: Re lets Garam 


1 All types of coal, including bituminous, lignite and anthracite. 


single domestic consumer of coal increased 
steadily until, in 1963, one-half of the total coal 
consumed in the United States was for electric 
power generation. This proportion continued to 
grow and reached 62 percent in 1970. 

In some instances, notably in the West, elec- 
tric utilities have acquired and operate their 
own coal mines. The coal mining industry, and 
especially the leading producers, have recog- 
nized the opportunity in the electric utility mar- 
ket and responded to the needs of the electric 
utility industry. Within the relatively short pe- 
riod 1959 to 1967, average labor productivity 
grew from 12.22 tons to 19.17 tons per man-day 
—an increase of nearly 57 percent. Most of this 
increase in productivity was due to greater 
mechanization of all mining operations and to 
the growing proportion of bituminous coal and 
lignite produced from strip and auger mines. 
This is illustrated by the figures in table 4.3 for 
1959 and 1967. 

Another factor which contributed to lowering 
the price of coal was the growing number of 
large mines (output of 500,000 tons or more an- 
nually) and an increase in the proportion of 
total coal output produced from these mines. 
Development of these more efficient mines was 
facilitated, in part, by the negotiation of long- 
term contracts by the electric utilities with coal 
companies and railroads or barging companies. 
These contracts assured the financing necessary 
for the development of more efficient mining 


and transportation facilities, and were a major 
factor in the average delivered price of coal to 
electric utilities being from $1.75 to $2.00 per 
ton below the average delivered price to all con- 
sumers, as illustrated by the costs shown in table 
a4 

Since 1965, a number of developments have 
exerted upward pressures on the price of coal. 
Among these developments were the general in- 
flationary trend affecting the cost of labor and 
materials; laws requiring the restoration of 
strip-mined lands; the need to prevent acid 
mine-water drainage into rivers, lakes, and 
ground water reservoirs; air pollution regula- 
tions limiting the sulfur content of the coal 
used; and more stringent health and safety regu- 
lations for the operation of coal mines. 

Because of growing competition from nuclear 
generating units and because of uncertainties 
about the quality of coal which would be de- 
manded by electric utilities to meet air quality 
contro] regulations, there has been a slowdown 
in the development of new coal mines during 
the past several years. In 1969 and during the 
first half of 1970, the demand for coal outpaced 
supply. Coal stocks at many power plants were 
seriously depleted and the price of coal in- 
creased substantially. Prices for other fossil fuels 
also increased. 

The coal supply position is expected to im- 
prove in the years ahead and, partly as a result 
of further progress in coal mining technology, it 
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TABLE 4.3 


Coal Production from Strip and Auger Mines 


Bituminous Coal and Lignite 


SIP MINE Sere ee ces nt at eet cus aielsn is ne) cedeuegs erety ister 
Auger mined... 6c tees se crore ota of a eS clay SN Rea orks 


Total bituminous coal and lignite mined.................. 


Strip and auger mined as percent of total mined........... 


is expected that coal will maintain its competi- 
tive position relative to other fossil fuels (see 
figure 4.4) . 


Coal Resources 


The United States is well-endowed with coal 
resources. As shown in table 4.5, resources of bi- 
tuminous and anthracite coal (in beds 14 or 
more inches thick) , and subbituminous coal and 
lignite (in beds 2.5 feet or more thick) as of 
January 1, 1967, were over 1,500 billion tons. 
This figure includes the coal resources with ov- 
erburdens of less than 3,000 feet, as determined 
by mapping and exploration. An additional 
1,300 billion tons of coal have been estimated to 
exist in unmapped and unexplored areas. 

It is generally assumed that approximately 
one-half of the total geological reserve is re- 
coverable. ‘The average recovery from deposits 
currently being mined by underground methods 
is between 55 and 60 percent. The recovery rate 
for strip mines is about 80 percent. 

At the 1970 rate of coal output—590 million 
tons of bituminous coal and lignite and 9 mil- 


TABLE 4.4 
Coal Prices—1965, 1968, and 1969 


Price per Ton 
1965 1968 1969 


Average mine price to all 
CONSUMECrSSe ty eee ee te $4.44 $4.67 $4.77 
Average railroad freight charges.. 3.13 3.01 3245 


Total average delivered price 


of coal to all consumers.... $7.57 $7.68 $8.22 
Average delivered price to 
electric utilities: a sie je. $9.71, 0 35:93 5 $6.22 


Output in Million Tons Percent Increase, 


1967 over 1959 


1959 1967 
CER nea oi 121.0 185.7 apie 
ors aeutne err ave 7.6 16.0 110.5 
ape eter ss 128.6 2007 56.8 
3 sete oaks 412.0 552.6 3451 
Dron cacao Sa 3G..8 «, exsjourceelsydek Poe 


lion tons of anthracite—and assuming a 50 per- 
cent recovery rate, the estimated coal resources 
could meet the national demand for centuries. 
Because of its domestic abundance, widespread 
geographical distribution, and chemical versatil- 
ity, coal is destined to play an important role in 
the energy economy of the United States for 
many years to come. However, the competitive 
position of coal in the electric utility market is 
highly affected by the geographical distribution 
of the deposits in relation to major electric load 
centers and by the physical and chemical charac- 
teristics of those deposits. Thus, the trends in 
consumption of coal for electric generation can 
be expected to vary from one region to another. 


RELATIVE USE OF COAL, 
GAS, AND OIL IN PROJECTED 
FOSSIL-FUELED GENERATION 
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Figure 4.4 
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TABLE 4.5 


Total Estimated Remaining Coal Resources of the United States January 1, 1967 


[In Millions of Short Tons] ! 


Bituminous 
State Coal 

Pala bana hepsi Me. «ce cos ate oma ae 13,518 
MASKS Mier tas. 2 2 saad is te ee oe He 195415 
PALEQRSAS SS ee She © aie Maes wage os sna a ese 1,640 
GOlOrade Borate chi Te Met) Sas 0 STS 62, 389 
Georgy ia meets aie eset cner vere ool ss agebe oe ea 18 
TiN Os eee oie ches Oe sass eve Mponegde & aun 08's 139, 756 
Dncdianarenae nee cp so aie so Nehe o oles sce ores 34,779 
TOWathtr ts shorts ss oss 5G Dios Bie oes sate GyoL9 
ISAS AS PMPs co) ec fata avey.ns.c! «o oca heed a0 + 5/ RSP 18,686 
RQCULUCK tae cite Wisin ye cis ev bones ees Ses 65,958 
NIALVIADG ee tec s yes tse oth als es ss e172 
DRGDI GAT Berg cotre teins ose ss ne 6 Sem ls 205 
IMGSSOuUnIbe erie avec oie ica eras sisinee 2 ZOOOo 
INFQUE RRA reali sc hears niovsie «sehen 2209 
INE WENLEXICON se ahh Helse cals eres ole Sreserenaes 10, 760 
North Carolina ssc fas rete es ooo Sialeleans 110 
Mort Dakota acct ae or ores cas 0 
EAGAN oe cars ioe ne as shells #65 <p 41,862 
ORLANDO TA Eh Beh aie oe He oisiess ho ee aa 33299 
ECON mera cge eS chahn sac a de Ree ls ves 48 48 
PER EVUC ATER Siortercttays'icleiein cs Sales ner oe Sere 57 , 533 
SoutheakOtac wiles «one alia «0.0% 0 
PENT ESSCe Meets oars cit re ar et ores Geen s 2,652 
Wee lon oo Ci Oe IG eRe OS Oe 6,048 
Rta R Ey Pew ot aisle 55S asaleteTaeass/ Stes) vie hes sl oge 32,100 
SV APIA res tastes Gita oie cine «ieee O32 
WV ASIN LOM ac ori. skit. ss Maiaal Mis 6 sss 1,867 
NNESERVATSINIA settee ris sao a Ra Ss os eS 2 102 ,034 
WV ODNIN Oa reste ee yorarohicoks gare, 5) ssrss oe tetera os 12,699 
(DtnerpOtaLes fan ares cle fev os leh = os stoes 618 

pl Otall cert ea racrscoy neha seve deus sel aus aioe 671,055 


Subbituminous Anthracite 
Coal Lignite and Semi- Total 
Anthracite 
0 20 0) 13,538 
110,674 (2) 0 130,089 
0 350 430 2,420 
18, 248 0 78 80,715 
0 0 0 18 
0 0 0 139,756 
0 0 0 34,779 
0 0 0 6,519 
0 0 18,686 
0 0 0 65,958 
0 0 0 1,172 
0 0 0 205 
0 0 0 235309 
131,877 87,525 0 2215101 
50,715 0 4 61,479 
0 0 0 110 
0 350,680 0 350,680 
0 0 0 41,862 
0 0 3,299 
284 0 0 332 
0 0 12, D7 69,650 
0 2,031 0 2,031 
0 0 0 2,652 
0 6,878 0 12,926 
150 0 0 322250 
0 0) 335 10,047 
4,194 117 5 6,183 
0 0 0 102,034 
108,011 (?) 0 120,710 
4,057 46 0 34,721 
428,210 447,647 12,969 1,559,881 


1 Derived from Department of the Interior, Geological Survey, Open File Report 1968, by Paul Averitt, U.S.G.S. 
2 Small resources of lignite included under subbituminous coal. 
3 Includes Arizona, California, Idaho, Louisiana, Nebraska, and Nevada. 


Coal Distribution 


Figure 4.5 shows the general distribution of 
the principal coal resources. This map and table 
4.5 show that nearly 70 percent of the total re- 
sources of all types of coal are located west of 
the Mississippi River. Some of the areas, shown 
as underlain by coal, contain marginal resources 
which could not be economically recovered 
under existing mining technology. Low-cost 
coal-producing areas are considerably more lim- 
ited than the total coal-bearing areas shown on 
the map, leaving significant segments of the 
country without easy access to low-cost coal. For 


these areas, the energy transport cost, whether 
by unit-train to load center plants or by high- 
voltage transmission from mine-mouth plants, 
becomes too large and effectively diminishes the 
competitive position of coal. The New England 
states, New York, New Jersey, the southern re- 
gions along the Atlantic Coast, the Gulf states 
(except for the coastal areas where coal can be 
barged) , and the five westernmost of the contig- 
uous 48 states are the areas most seriously af- 
fected by the distance factor. In the West, gener- 
ally, the cost of transporting energy to 
population centers is offset by the low cost at 
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which coal can be produced in the Mountain 
states. In California, the problems of licensing 
nuclear plants in areas of above-average earth- 
quake activity tend to stimulate greater use of 
fossil fuels, but the use of coal in northern and 
central California is held back by the great dis- 
tances from the mines and the shortage of cool- 
ing water at sites where air pollution control 
problems are manageable. 

Over 94 percent of the bituminous coal and 
lignite produced in 1968 came from nine states: 
West Virginia (26.8 percent); Kentucky (18.6 
percent) ; Pennsylvania (14.0 percent) ; Illinois 
(11.5 percent); Ohio (8.9 percent); Virginia 
(6.8 percent) ; Indiana (3.4 percent) ; Alabama 
(3.0 percent); and Tennessee (1.5 percent). 
Consequently, the bulk of the utility coal is con- 
sumed in these and the nearby states. 


Physical Characteristics of Deposits 

The cost of mining coal is to a considerable 
extent determined by the geological characteris- 
tics of the coal deposits and associated strata, 
primarily the thickness and continuity of mine- 
able beds, depth of overburden, and general 
quality of the host rock. Nearly 90 percent of 
the United States’ coal resources, as determined 
by mapping and exploration, have an overbur- 
den of less than 1,000 feet. An estimated 135 bil- 
lion tons are in beds less than 100 feet below 
the surface and thus are suitable for strip min- 
ing. Approximately two-thirds of the strippable 
coal and lignite is located west of the Missis- 
sippi. 

An estimated 400 billion tons of coal are con- 
tained in thick beds lying less than 1,000 feet 
below the surface. The distribution of this coal 
is shown in table 4.6. About one-half of the 
thick coal is recoverable and will undoubtedly 
provide the bulk of future electric utility coal 
requirements. In addition, 350 billion tons of 
coal (one-half recoverable) are contained in 
beds of intermediate thickness, also at depths of 
less than 1,000 feet below the surface. 

The general abundance of potentially mine- 


1 United States Geological Survey Classification is: 


Intermediate 
Thick Beds Beds 
Bituminous coal and 
anthracite: More than 42 in. 28-42 in. 
Subbituminous coal 
and lignite: More than 10 ft. 5-10 ft. 
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DISTRIBUTION OF FOSSIL FUEL RESERVES 


yy Note: Oil Shale Reserves 
“ not Shown 


Figure 4.5 


TABLE 4.6 


Remaining U.S. Coal Resources by Basin or Region, and by Thickness of Beds! January 1, 1967 


{In Billions of Tons] 


Total 
Basin or Region Remaining 
Resources 

WNortherne Appalachian. Basin cm sees ee ase 25 
(Pa., Ohio, W. Va., and Md.) 

DS OULNEINEA PPAlachian eDastieeyectan atin sete ele ele 56 
(Eastern Ky., Va., Tenn., N.C., Ga., and Ala.) 

VM echiGane Basin frig e that tele synsthe ote siete « eterna Neg. 

LEE OUSBIS ASU stp We oe oi sone ros eve Clete aT ore ee wee 211 
(IIl., Ind., and Western Ky.) 

VVESterIBINLCT ICID S11 ene ane eee tee 67 
(Iowa, Kans., Mo., Okla., Ark., and Tex.) 

INORG [RUGS WOT Ss 66 ba ce coco goscouse 696 
(N. Dak., S. Dak., Mont., Wyo., and Idaho) 

SOUL NENBLOCK YE NLOUNTAINS wari velrtcitert ed yee 178 
(Colo., Utah, Ariz., and N. Mex.) 

WiestiGoastimer Sau. ko reales 4 sire Grees Parcersieyaieieatys 2 N39 
(Alaska, Wash., Oreg., and Cal.) 

PE Ota emia a creris ccsytet eae ves 4 tenes ens vis 1,560 


Resources in Thinner Beds 
Less Than 1000 Feet Below 
the Surface, and in All 
Beds 1000-3000 Feet Below 
the Surface 


Resources in Thick 
Beds,? Generally 
Less Than 1000 Ft 
Below the Surface 


58 157 
12 44 
Neg. Neg. 
107 104 
11 56 
152 544 
36 142 
24 113 
400 1,160 


1 As determined by mapping and exploration, U.S.G.S. Bul. 1275, “Coal Resources of the U. S.” 
2 Includes bituminous coal and anthracite in beds 42 inches or more thick, and subbituminous coal and lignite in beds 


10 feet or more thick. 


able coal of all grades, including low-sulfur coal, 
is unquestioned. However, considerations such 
as recoverability, geographical distribution, com- 
petition with coke and export markets, and the 
deleterious effects on the environment from coal 
mining operations, have made it increasingly 
difficult, at least in the eastern part of the coun- 
try, to secure commitments for adequate sup- 
plies of high-quality coal for the life of new, 
large power plants. In order to improve the 
competitive outlook, the coal industry will have 
to invest in an extensive program to extend its 
knowledge about the distribution of the coal re- 
sources and to develop low-sulfur coal reserves 
for the commercial market. 


Chemical Properties and Their Effect on Coal’s 
Competitive Position 

The sulfur content of United States’ coals 
ranges from 0.2 to 7.0 percent by weight; the 
ash content normally ranges from 5 to 20 per- 


cent by weight. Ash creates a variety of prob- 
lems in the operation of electric utility boilers 
—slagging, abrasion, reduced efficiency, air pol- 
lution, and waste disposal. Usually, the higher 
the ash content, the more intense the problems. 
These problems can be reduced to acceptable 
levels through proper design and operation of 
furnaces, boilers, and particulate emission con- 
trol equipment. 

Sulfur in the coal contributes to corrosion of 
boilers and to air pollution. While some of the 
boiler corrosion problems can be controlled by 
charging limestone or dolomite with the coal, a 
practical solution for the control of sulfur oxide 
emissions through treatment of flue gases has yet 
to be developed, although several proposed 
methods are currently being tested on an in- 
dustrial scale. (See chapter 11, Air Pollution) . 
Until effective low-cost devices become commer- 
cially available, air pollution regulations to 
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limit sulfur oxide emissions will generally be 
met by limiting the sulfur content of fuels 
burned. 

The United States has large resources of low- 
sulfur coal—coal containing less than 1.5 per- 
cent sulfur by weight? (see table 4.7). Yet, elec- 
tric utilities in the eastern United States have 
experienced difficulty in securing adequate sup- 
plies of low-sulfur coal. All of the low-sulfur 
subbituminous coal and lignite resources, and 
one-half of the bituminous coal containing less 
than 1.5 percent sulfur by weight are located 
west of the Mississippi. In the East, the bulk of 
the low-sulfur bituminous coal reserves, esti- 
mated at 122 billion tons, are located in Appala- 
chia. Three-quarters of that coal (91 billion 
tons) is metallurgical grade coking coal, mostly 
in West Virginia (51.5 billion tons) and East 
Kentucky (23 billion tons) . 

The low-sulfur, metallurgical grade coking 
coals are in great demand both here and 
abroad. Substantial reserves of this coal, there- 
fore, are either dedicated to the metallurgical 
and export markets or are directly owned by 
steel companies in the United States. Some low- 
sulfur coal is also dedicated to electric utility 
and industrial customers under long-term con- 
tracts. 


Low-Sulfur Coal for Electric Utilities 


The need to control sulfur oxide emissions 
has created demands for low-sulfur coal as a re- 
placement fuel for existing units, and for new 
plants. Electric utilities compete with the metal- 
lurgical and export markets for available sup- 
plies of low-sulfur coal, particularly in the East, 
and they may have to pay a premium of as 
much as $3 per ton for such coal. 

When low-sulfur coal is substituted for coal 
with a higher sulfur content in an existing 
power plant, care must be taken to insure that 
the total ash content, ash fusion temperature, 
grindability, and volatility are kept within pre- 
scribed limits. Low sulfur coal tends to have 
higher fly ash electrical resistivity, and thus to 
reduce the efficiency of electrostatic precipita- 


2The Bureau of Mines classification includes in the 
low-sulfur coal category only coals with less than 1 per- 
cent sulfur by weight. Much of the coal containing 1.1 to 
1.5 percent sulfur, however, can be cleaned to meet me- 
tallurgical coking coal specifications of less than 1.25 per- 
cent sulfur and less than 8 percent ash, assuming that 
the coal has coking qualities. 


tors. Furthermore, there is an inverse relation- 
ship between the sulfur content of United 
States’ coals and their ash-softening (fusion) 
temperature. Consequently, switching to coal 
with a lower sulfur content, but with a higher 
ash fusion temperature, may cause serious heat 
exchange and slag tapping problems in wet-bot- 
tom boilers. 

A modern 1,000-megawatt coal-fired unit re- 
quires about 2.5 million tons of coal annually 
during the initial years of base load operation 
and a total of 35 to 40 million tons of coal for 
the first 20 years of operation. Considering coal 
recovery rates, this would require a minimum of 
65 to 75 million tons of coal in place to serve 
the needs.of a single 1,000-megawatt unit for the 
first 20 years of operation. 

To achieve low unit-train freight rates, the 
coal must come from one or two mines. When 
more mines are involved, some of the principal 
cost-saving advantages of unit-trains are lost (see 
Section on Coal Transport) . There are very few 
existing underground coal mines in this country 
capable of expanding annual output by 2.5 mil- 
lion tons (or even 1.25 million tons where two 
mines are involved). Given the necessary lead 
time, some strip mining operations can be ex- 
panded substantially. Essentially, however, large, 
new coal-fired units will require the opening of 
new coal mines. Coal executives estimate that in 
order to be economically feasible, a new under- 
ground mine, costing from $10 to $12 per an- 
nual ton of productive capacity, must have an 
annual output of at least 1 million tons and suf- 
ficient underground reserves to support produc- 
tion for at least 25 years. In order to raise the 
required investment capital, coal companies 
would require 20-year firm contracts for the en- 
tire output of such new mines. Under those ar- 
rangements, utilities can obtain more favorable 
prices for the coal, such as might be negotiated 
on a “‘cost-plus” type of contract. 

The number of potential mine sites where 
economically mineable low-sulfur coal is still 
available in large blocks, undisturbed by earlier 
mining operations, neither owned by nor dedi- 
cated to the metallurgical and export industries, 
and near established direct transport routes, is 
relatively limited. Development of mines at loca- 
tions which will involve additional railroads 
and more circuitous transport routes usually re- 
sults in substantial and, sometimes, dispropor- 
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TABLE 4.7 


Estimated Remaining Coal Reserves of the United States by Type, Sulfur Content, and State, 
on January 1, 1965! 


[Millions of Short Tons] 


Sulfur Content, % 
Coal Type and State 


0.7 or Less 0.8-1.0 1.1-1.5 Over 1.5 Total 
Bituminous Coal 
Alabama tes voce ochre siakts eavoeues 889 .2 118953 Ded liad, 6,077.6 13 O¢deo 
PV ask aes rr scotac ged ener tense) 6 overeleilors 20, 287 .4 VSLOO Orci ter cent yrheee acierce civ d hens 21,387 .4 
PAT KC ALISAS em Mees nete ener aot fer ea caensr Vers Oi) susp eos. aiedslenagecs 6) si zuc-s aie ei siei eres eese are 1,128.4 487 .4 1,615.8 
GoOloradOince caus Svs tlee sh: ve wes s 25,178.3 A EY ES ee re er ae Eee he 62,415.5 
GeOrgia Meee icta re Sei. ese Nagi tae det ee atd Ae 1050 Goa etor en tcnanercc sore tia ees 76.0 
ELINA Gis ge PM eee eerste hee Gane te hats etd eal otis Sloe tans parse Bills 1,808.0 137, 948.0 139, 756.0 
En dianann. seen cute vaceeieue Scene 197E5 173.0 3,645.2 30 .825.4 34, 841.1 
UO os oo ves SaGgoe FHS GOS UNS eo DRO CO CUO e i ne OIG cae Uo iacro ae oo 6,522.5 6,522 5 
RCATI SAS MUM TAR ToT ees ere ne cio oie nce coco akeRaine ec thes agetenans-eie crore ere 519.9 20,218.1 20, 738.0 
Kentucky 
WAKE oe. > Gere SS ORCA OES MCR Pee, Ake cee eac b 5 Ge CRAM Core Dae eR 1,119.6 35] Ono 36,895 .4 
A DET] acy ae SAG 9 em eee 13,639.9 8,491.9 2,286.8 4,996.2 29,414.8 
IM ET REN IVG RS ohio. Se is Silo caoan GU Soto Dee uSc Diogo areca we aioe oor Ker nmbK cio Edie 1,180.0 1,180.0 
INDIO Eng Att cee teper et rere caer Svea or s sacrnce ease ever sep eae ec cele in eet se tee seueuen a) oh cist A Gxeatuns aces 205.0 205 .0 
IMETSSOUITE sroyete, siraes sol oo lotsl eile (6) 6) oler'sue, aus aus euatote Sec ster Siectte arose loveusision de sia; 6 8) wale as rete eee lee 78,760.0 78, 760.0 
Montana -peeriaee rs. Seen tae ine ake il 92 218.2 205.0 1,630.2 2,104.6 
News Mexico easersicnetesini sie « chascrehs ts HW 0 VA Ae. Oana opokatlece’ Sicuettts or cE cit tel sd RT TPE hes 10,686 .0 
INOLU aE Garolitl Acteey Peri coastecn ce soae oul ole Tou suc eee ie he easus'o,s fousueuoac. ence eisusy hohe Sresaie ae ene 110.0 110.0 
Clas s84.S58 Se OOO ee ee eee 611.0 369.0 41,044.0 42,024.0 
@OlIanoOniarie teste See cece eit 250.6 Ti2e2 825.0 1,455.0 3,302.8 
RESON cot AURA ies FA Mane is Wik shed Shah arate Hain Seer ehabers a LALO ais, cites ore ate we OER eta ae 14.0 
Pennayivania ss tf). iii pies a aids «ah 44.0 1,154.4 7,624.4 49,128.7 DA OSL ES 
BL CEVCSSCG a Suid. wis is sieeve tuscs«) ayete alae) 160.9 715.9 959 .4 1,839.5 
ONS eg eee stairs) esi Fe) sie aed iS a, 2 Sp sis GS his ois 64 Sx si oige Kina 6 Ses ously ke aus nb 7,978.0 7,978.0 
ita heres ete caste) sie ar she aes. e's. Gusecs 8,551.4 135504): OGr. secs core vitae: D,022.0 27,658 .0 
Wirpinialenae ee acie: se cite tole eiein es ou0 ei 1,981.5 6,077.5 I O37al 123.9 9,820.0 
Washington: eisri cccice ces © Sate eke 898 .9 Gl DeLee sis siatebbefalcee aie ionaie riches Oa e bhoee Na @AbW 
Wrest, Virginia eocisae sds ttkoe te « - 20, 761.0 26,710.6 21,819.7 3353151 102, 666.4 
IW iV OMT Oates ene ete ce tere cys tenet oue Gn 22252 65966 Or oc os hil 12,8199 
(@ysevere RY RU rs eo el eee Bie or os Ee eae ae oe OLGA peter eee eke aa eh kore 616.0 
Ota Meetrer cts retro ts ole Se) eee 104, 168.4 110,928.9 49 125../ 464 , 324.0 728 , 547.0 
Percen totstotalsepateces fytios ee cei 14.3 1s) 92 Gaz 63.8 100.0 
Subbituminous Coal 3 
ML OLAl Sane oeernte eectsta te crete tks « hens 256, 616.3 130, 586.3 150.5 131223 388 , 665.4 
Percentiofitotal fas. ot. csalecte tele 66.0 33.6 0.1 0.3 100.0 
Lignite 4 
pOtaleeeamee sock ore sete 344,623 .6 61, 388.5 41,164.5 464.7 447 641.3 
Rercentotstotals.. csc ass sees W7eO Ne 7/ 9.2 On! 100.0 
Anthracite ® 
photalias oats ath ehea atin the. eees 14,652.0 OG) OW. cares ssi oes 431.8 15,179.8 
Percent,of total since cise eee: 96.5 OR GAS ee. ive ee 2.9 100.0 
Granditotalec saree ace 720,060 .3 302), 999).7 90, 440.7 466 ,532.8 ®1,580,033.5 
Percentio£ totals. coset sai 6 cakes 45.6 19.2 Sra 29.5 100.0 


1 Data is from U. S. Bureau of Mines’ Circular 8312 dated 1966 except for Illinois. The table includes coal in seams at 
least 14 inches thick and less than 3,000 feet deep in explored areas. Approximately one-half of these reserves are considered 
recoverable. 

2 Data from Illinois State Geological Survey Circular 432 dated 1968. 1966 Data. 

3 Nearly 80 percent in the Rocky Mountain area and most of the remainder in Alaska. 

4 Practically all in North Dakota and Montana. 

5 Over 80 percent in Pennsylvania and most of the remainder in Alaska. 

6 Revised in 1967 by the U. S. Geological Survey to 1,559,875 million tons. 
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tionate freight cost increases, even though the 
straight line distance from point of production 
to point of consumption remains the same. 

Declining capacity factors on large coal-fired 
units, technological innovations, and uncertain- 
ties surrounding future air pollution control re- 
quirements complicate and increase the risks as- 
sociated with long-range coal buying, although 
the larger utility systems have a degree of flexi- 
bility enabling them to minimize the penalties 
of contracts which require acceptance of the full 
normal output of a mine. 


Mine-Mouth Plants 


The construction of generating plants at the 
mine mouth is not new. In recent years, how- 
ever, economies of scale deriving from advances 
in high-voltage transmission together with the 
relatively higher cost of air pollution abatement 
and control in urban centers, have improved the 
relative economics of mine-mouth plants in a 
number of United States locations. As of the fall 
of 1970, electric utility plans for the construc- 
tion of new fossil-fueled units of over 500 mega- 
watts included about 18,000 megawatts of capac- 
ity at mine-mouth sites (see table 4.8) . This was 
43.4 percent of the coal-fired units (in the 500 
MW or larger unit size category) planned for 
1971 to 1975 service. In addition, electric utili- 
ties in the West planned 3,760 megawatts of ca- 
pacity at two coal-fired plants—the Mohave and 
the Navajo—located midway between the mine 
and load center. When completed, the new 
mine-mouth and mid-point plants will consume 
about 60 million tons of coal annually. 

The choice of mine-mouth plant sites is not 
determined solely by the relative economics of 
energy transport and air pollution control. 
Other important considerations include water 
supply for condenser cooling needs, prevailing 
regulations concerning thermal pollution, space 
for ash disposal, land costs, and local tax struc- 
ture. 

The number of potential sites for mine-mouth 
plants, where commercial coal deposits are situ- 
ated near adequate water supply, is limited. In 
the eastern half of the United States, most of 
the potential sites are in the areas where the 
Ohio River traverses the Northern Appalachian 
coal basin; where the Ohio and Mississippi Riv- 
ers cross the southern portion of the Illinois 
basin; and where the Arkansas River cuts 


through the southern portion of the Western In- 
terior basin. Because of the limited availability 
of cooling water in the West, there are relatively 
few suitable mine-mouth sites in that part of the 
country. 


Coal Conversion 


Research in the area of coal conversion to 
synthetic gaseous and liquid fuels has been 
going on for a considerable time. In the past, 
unfavorable economics has been a major deter- 
rent to the development of a synthetic fuels in- 
dustry. Since, however, most synthetic products 
can be made relatively ash and sulfur free, there 
has developed a greater incentive for speeding 
up coal conversion research and for the use of 
synthetic products. Potentially, therefore, syn- 
thetic fuels may become significant sources of 
primary energy for steam generation, particu- 
larly in areas with serious air pollution control 
problems. 

Synthetic fuel production requires large capi- 
tal expenditures and process energy. The ther- 
mal efficiency of most synthetic fuel processes is 
less than two-thirds. In a pure Btu market, such 
as exists in the electric power industry, manufac- 
ture of synthetic fuels would be justified if the 
cost of removing sulfur from the coal or flue 
gases, together with the cost of handling coal at 
the power plant, are greater than the cost of 
manufacturing and handling the ‘clean’ syn- 
thetic product. Where transportation is in- 
volved, the cost differential of transporting fuel 
in one or the other form must also be consid- 
ered. 

Most synthetic liquid fuel processes under 
consideration involve production of various liq- 
uid products, including gasoline. Processes can 
be designed to leave variable quantities of resid- 
ual char which might require special treatment 
for sulfur reduction prior to use as low-sulfur 
boiler fuel. Under some economic conditions, it 
may become advantageous to design a liquefac- 
tion process which would yield, in addition to 
gasoline, substantial amounts of residual char 
for electric power generation. It does not appear 
likely, however, that the developing coal-based 
synthetic liquid fuel industry will have a meas- 
urable impact on the primary fuel supply for 
electric power generation during the next two 
decades, 

Synthetic gas from coal appears more likely to 
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TABLE 4.8 


Units of 500-Megawatt Capacity and Over in Mine-Mouth Electric Plants 


Units in Operation Prior to 1971 


Plant Megawatts Operational 
Paradise NO.0 3575. te- 5 010 wise 1,130 1969 
Keystone) No.1 7.9.5... .- 865 1967 
Keystone yNOw2 ease: 865 1968 
Conemaugh No. 1........ 841 1970 
Biomoancdys Nowlin eee aie 800 1969 
Four Corners No. 4....... 750 1969 
Four Corners No. 5....... 750 1970 
RaraclisegNow | mic ctype o- 700 1963 
iRaracises Now 2 ceive arc 700 1963 
iSisveaiel NCE disso apes oone 660 1967 
Kincaid Noy 2.246 aes se 660 1968 
Promen City Now 1 ie..miaet 640 1969 
Elomeri Citys NOw2 nei ae 640 1969 
SammaisaNow Opener acre 625 1969 
Muskingum No. 5........ 615 1968 
vicnstuart Now 2ee 2... 600 1970 
Baldwins Nolen aero 600 1970 
Gardinal ¥No. ly, 3-2 590 1967 
@ardinal Now 20ers 590 1967 
Tanners Creek No. 4...... 580 1964 
Mtsstorm Now laeess se 570 1965 
MtsStorm Nos 22....-.-- 570 1966 
Cheswick Now 12s... - = 565 1970 
Eee MartinyNow lisesi rere 550 1967 
Mba MartinwNo eid oti 550 1968 
Hatfield’s Ferry No. 1..... 540 1969 
Hatfield’s Ferry No. 2..... 540 1970 
Cayuga Non leant. ess sos 500 1970 
EL ORAL artes corse eae 18, 586 


System 


AE Ws AN 

Keystone group of PJM Pool 

Keystone group of PJM Pool 

Conemaugh group of PJM Pool 

Kentucky Power Co. 

So. California Edison Co. and others 

So. California Edison Co. and others 

ES Woda’ 

Tov: A. 

Commonwealth Edison Co. 

Commonwealth Edison Co. 

Pa. Electric Co. & N. Y. S. Gas & Elec. Co. 
Pa. Electric Co. & N. Y. S. Gas & Elec. Co. 
Ohio Edison Co. 

Ohio Power Co. 

Cincinnati, Columbus, Dayton Pool 

Illinois Power Co. 

Ohio Power Co. 

Buckeye Power, Inc. 

Indiana Michigan Elec. Co. 

VEPCO 

VEPCO 

Duquesne Light Co. 

Allegheny Power System & Duquesne Light Co. 
Allegheny Power System 

Allegheny Power System 

Allegheny Power Co. 

Public Service Indiana Co. 


Units Scheduled for 1971 to 1975 Service 


John E. Amos No. 3...... 1,300 1973 
Conemaugh No. 2........ 900 oz 
Wag@yene Now leat 844 1973 
MitchelleNowliaeemieis aac eis 800 1971 
MitchelluNoa2 a. sete oc 800 1971 
John E. Amos No. 1... ... 800 1971 
John E. Amos No. 2...... 800 1972 
Conesville No. 4.......... 800 1973 
(ors astNom lO meres crete 700 N72 
@entralia Now leaner 700 1971 
Centralia No. 2........... 700 1972 
arrisony Nom ventace cee e 650 1972 
lek vaakteie MOK 2454 bon oo ome 650 1973 
lakereakieral IN. Bagucanocucs 650 1975 
Spinco INC) MH swocno080 foe 650 1971 
Baldwin No. 2............ 604 1973 
Baldwin Nod 3teenece..-- 604 1975 
@ofleengNow2 aie een 600 1972 
StuartuNovlee eet er: 580 1971 
StulartiNOsad eee, ce eke 580 1972 
StuarteNow4 eee aera at 580 1974 


American Electric Power Co. 

Conemaugh Group of PJM Pool 

Kansas City P. & L. Co. 

American Electric Power Co. 

American Electric Power Co. 

American Electric Power Co. 

American Electric Power Co. 

Cincinnati, Columbus, Dayton Pool 

Southern Co. 

Pacific P. & L. Co., Washington Water Power Co., Puget Sound 
P. & L. Co., Portland General Electric Co., Grays Harbor Public 
Utility District, Snohomish County Public Utility District, City of 
Seattle, City of Tacoma. 

Allegheny Power System 

Allegheny Power System 

Allegheny Power System 

CAPCO Pool 

Illinois Power Co. 

Illinois Power Co. 

Central Illinois Public Service Co. 

Cincinnati, Columbus, Dayton Pool 

Cincinnati, Columbus, Dayton Pool 

Cincinnati, Columbus, Dayton Pool 
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TABLE 4.8—Continued 


Plant Megawatts Operational 
Big) Brownt Now lice. ate 575 1971 
Big Browns Nos 235.625). «ri 575 1972 
Mt. Storm Now Shien. seas 575 1973 
Hatfield’s Ferry No. 3..... 540 1971 
Cayuga Nowe torrets tr 500 1972 
‘Total ifcseom st craic 18,057 


enter the energy supply picture on a large scale 
sometimes during the late 1970’s or early 1980's. 
The rate of growth of gas consumption relative 
to discoveries of new reserves and to estimates of 
total potential reserves suggest that this country 
will become increasingly dependent on liquefied 
natural gas (LNG) imports and synthetic gas 
from coal for its annual gas requirements. ‘Tech- 
nology for producing low-Btu synthetic gas from 
coal has long been available. The major empha- 
sis in the development of coal gasification proc- 
esses today is on the production of high-Btu gas 
with a minimum heating value of 950 Btu per 
cubic foot. A product of this quality could be 
blended with natural gas without seriously di- 
minishing unit heating value, and could be 
transported economically through new or exist- 
ing pipeline systems from points of manufacture 
to centers of consumption. 


For various and frequently different reasons, 
the Federal Government, coal interests, elements 
of the natural gas industry, and electric utilities 
have joined to support research and develop- 
ment in coal gasification. The Federal Govern- 
ment seeks to broaden the energy resource base, 
the coal interests seek to develop new markets 
for coal, the natural gas industry seeks to 
provide a resources base for the long-range sup- 
ply of economical gaseous fuel, and the electric 
utilities seek a large new source of clean fuel. 


Attention is currently focusing on several coal 
gasification processes for the manufacture of 
pipeline quality gas in commercial quantities. 
Table 4.9 is a process summary for plants with a 
capacity for approximately 250 million standard 
cubic feet per day (scfd) or 250 billion Btu per 
day of product gas, except for the lignite hydro- 
gasification plant which was designed to pro- 
duce 500 billion Btu per day. 

In an effort to assure a consistent approach to 


System 


Texas Utilities Co. 

Texas Utilities Co. 

Virginia Electric & Power Co. 
Allegheny Power System 

Public Service Company of Indiana 


process evaluation, the American Gas Associa- 
tion (A.G.A.) developed an accounting procedure 
in 1961 that provides a uniform basis for 
estimating the cost of making pipeline quality 
gas. Table 4.10 summarizes certain basic eco- 
nomic information for the nine processes noted 
in table 4.9. 

Basic assumptions in the computational tech- 
nique include 65 percent debt and 35 percent 
equity financing; total investment is the sum of 
plant cost (fixed investment) and working capi- 
tal; depreciation of fixed investment is on a 20- 
year straight-line basis; gross return is 7 percent 
of the rate base, defined at the end of the year 
as undepreciated fixed investment plus working 
capital; and interest charge on debt is 5 percent. 

The estimated prices of gas at the plant, 
given in table 4.10 reflect substantial reductions 
from earlier estimates. The prices, although still 
substantially above the national average prices 
paid by electric utilities for natural gas (25.4 
cents per million Btu in 1969), are rapidly ap- 
proaching wholesale (city-gate) prices for natu- 
ral gas, particularly in the Middle Atlantic 
States. 

Further process improvement on the one 
hand, and upward pressures on city-gate natural 
gas prices on the other hand, are apt to bring 
synthetic gas into competitive range and lead to 
the development of a large synthetic gas indus- 
try which will have a significant impact on the 
gaseous fuel supply picture for electric power 
generation. 


Natu ral Gas 


In 1970, 3.9 trillion cubic feet of natural gas 
were burned to generate electricity in utility 
power plants. This was nearly 18 percent of all 
natural gas consumed in the country and about 
26 percent of all gas used for industrial pur- 
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TABLE 4.9 
Process Summary for Synthetic Pipeline-Gas Plants ! 


Hydrogasification 


Synthe-  Lignite 
Steam- Molten Raw H, by H, by sis gas_ _ synthe- Co, Fluid 


oxygen salt coal steam- steam- electro- sis gas acceptor Bed 
oxygen iron thermal’ eelectro- (lignite) 
thermal 
Design capacity, 10° scfd.... 250 250 250 265 266 215 523 250 250 
Heating value, BTU/scf.... 925 920 982 947 941 937 954 948 943 
Coal or lignite, tons/day ?............ 13,250 14,240 14,339 17,791 17,791 55,640 26,760 15,100 
Coal heating value BTU/Ib. 13,490 13,650 12,700 12,410 12,390 12,390 7, 345 6,613 12,700 
Purchased powers EW ra. ace eis we a eis ie step ehale cin ne Pe ee Soha si aie, co hedllstteh/a ie toned SOD OOO Meera Dal 2OP Stade Aree 
Oxygen,stons/dayi ls en 5020 Me he ee 4,500 ERs Oe Papen cnc. C eka DIO OE OO Cac ean ay od eae 5,150 
By-products 
Glare TONS (Ga Vijesti ons sc Ss Sarak opis a Sia aways 6 de Sa oe occas yen 2 8g Pp CUR Ae On Ane eee eee eee 
Low BTU gas, 
DOS CU AY Mee nee acs Sat Pele Ane Pe he ae Sule Mees BIA che Eire te. om cles ee ale tes ee 
OMS Toyhele oid tain hb eatiaet oc ue i ee A A 1G Bie aL a Et a Re 8 Odd NONO Uae See gue 2,800 
[Bielabasiavch cl OWA ta det og cite rah oeadies HARES A OMS Giga Oe 6 CRE Ba ee ca CR ae DR Tee 2D SO scatter diond ated Ms! 5 Gres 
Sulfur, tons/day....... 242 3 (130) N59 Ser repens 3 (390) SAE1O)) este. cMCRe ENNIO IO 62 
ROWEL sak Wine asus aust Gey 5G yos foie es VSG OOO Wray tency gakacoterchsliae crs ae, os, s ayers ree e¥ers erate) 3 1269600 Seiiee sae oe wh aos 


1 Revised from The Oil and Gas Journal, February 24, 1969. Synthetic Pipeline Gas Prices Calculated to Settle Within 
Range of 36.3-58.2¢/Mcf, by C. L. Tsaros and T. J. Joyce, IGT. 

2 Coal feed unless stated otherwise. 

3 Potential, not included in cost figures. 

Note: scfd—standard cubic feet per day; scf—standard cubic feet; b/d—barrels per day. 


TABLE 4.10 


Economics of Synthetic Pipeline-Gas Processes, Summary ! 


20-year average price 


Total Capacity of gas at stated coal 
Process investment 10° BTU/day cost. ¢/10° BTU ($/ton) 
dollars ? = 

Coal Gas 
SLCAUT-OXY CEN 5, i ye eae pedecoe neo + oileaS ots uapcueaebeds Aiete, ame gsetaeys 142, 348,000 231 14.8 (4.00) 56.4 
16.1 (4.35) 58:2 
Molten salt with by-product power.................00e0 08: 135,295,000 230 14.65 (4.00) 54,2 
16.1 (4.39) 56 .6 

Hydrogasification 
CR VRCKIAL Sere i Merc cle cietts okinn eto ls ore som ea oe yeu aiaialth fo Gas toage 3 140,000,000 229 15.8 (3.50) 53.0 
ELa Dyssteatml-OXY GEM oy cnrs)aiedeveialsncre shsis ete ay oinierese-suer =) ore oa 6 147,221,900 251 16.1 (4.00) 57.8 
ae oye StCasel-1 OU Siac aan ate tsinls sss and eis als ea et bs Guin ays 105, 289, 000 250 16.1 (4.00) 50.2 
Syaleeasi electrothermal: mmremyicit cscs eels hie Biden 93, 208 , 000 258 16.1 (4.00) salt 
Mignite ssyns gas clectrothermalany-tiyeu reer iiere ore trae 236,171,000 500 10.0.°4.,47) Sine) 
CO ACCC DtOLe er rere ve tee mus in or aici ohare oPelatee StS, ayaonsiie re ie 82,444,000 237 OROMEG ASS) 5953 
PS a Gle50) 41.3 
Bd eicabedittran sorts Meret acca ears te Sto liiatain sme trinein ares Tis wiales a8 3 165,000,000 236 13.8(3;50) 54.0 


1 Revised from The Oil and Gas Journal, February 24, 1969. Synthetic Pipeline Gas Prices Calculated to Settle Within 
Range of 36.3-58.2¢/Mcf, by C. L. Tsaros and T. J. Joyce, IGT. 

2 Installed equipment or bare cost is 83 to 90% of total investment. Fixed investment (total loss working capital) is 
94 to 96% of total investment. 

3 Includes coal mine. 
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poses. The use of natural gas for electric power 
generation has grown rapidly. In the 1930's 
power plant consumption of natural gas 
amounted to only about 7 percent of total con- 
sumption. Electric utility consumption of gas 
during the 10-year period 1961-1970 is shown in 
table 4.11. 

While the forecasts of future fuel consump- 
tion prepared for and summarized by the var- 
ious Regional Advisory Committees indicate 
that the electric utilities will continue to de- 
mand increasing quantities of natural gas to 
fuel power plants, the rate of growth in con- 
sumption of gas by electric utilities is expected 
to decline rapidly. The average growth rate to 
1990 is estimated at 0.4 percent annually, com- 
pared with about 9 percent over the past several 
decades and 8 percent in the most recent dec- 
ade. Projections of the consumption of gas for 
electric power generation to 1990 are shown in 
table 4.1. 

The projected slowing of the rate of growth 
of gas used for electric generation is based on a 
number of factors, two of which are particularly 
significant. First, nuclear, coal and oil-fired sta- 
tions, despite continued higher initial capital in- 
vestment, are expected to become increasingly 
competitive with gas-fired plants even in areas 
where gas has for some time been the prime fuel 
for electric generation. 

Second, electric utilities are finding it increas- 
ingly difficult to obtain long-term firm commit- 
ments for gas supplies at the time decisions on 


design are made. A contributing factor to this 
difficulty is the size of the fuel source required 
for the large units now being planned. For ex- 
ample, a 1,000 megawatt unit intended to oper- 
ate at an average of 5,000 hours (57 percent 
plant factor) per year for 20 years would re- 
quire a total of approximately 1 trillion cubic 
feet of gas. 


National Gas Survey 


The Federal Power Commission, in February 
1971, initiated the National Gas Survey. In the 
Order prescribing procedures for the conduct 
of the Survey, the Commission pointed out: 


“To accomplish the objectives of the Natural 
Gas Act, in providing for the ultimate con- 
sumer an adequate and reliable supply of 
natural gas at a reasonable price and the 
Nation a vital energy resource base, the Com- 
mission will direct the conduct of the Survey 
through the members of the Commission and 
its staff.” 


The Survey, comparable to the National 
Power Survey, is intended to enhance the Com- 
mission’s ability to regulate effectively through 
policies to provide a continuing reliable supply 
of gas to meet consumers needs. 

Among the matters to be examined by the 
Survey are the gas supply/demand balance 
problem, the role of natural gas in air pollution 
control, the supply-price-demand relationship, 
interfuel competition and the role of synthetic 
fuels as a source of gas. 


TABLE 4.11 


Total Domestic and Utility Consumption of Natural Gas, 1961-1970 


Total Electric Utility Average Cost 
Domestic Utility Consumption to Utilities 
Year Consumption Consumption as a Percent - ‘‘as Burned’’ 
in 10° in 10° of Total in Cents Per 
Cubic Feet Cubic Feet Consumption 10° Btu 
LOG Ler Wrees irceses Ws eee) Resets sates oe creme ae 13,010.7 1592504 14.0 P25)! 
L9G Qe. geet «oktober hy cites o ayes packet ar toe 13,814.7 1,966.0 14.2 26.4 
LOG 3% ee dc AO, Etat Tiber coe ae 14,561.0 2,144.5 14.7 25.6 
IRS o Peliet ARNEREN Ske eer eek © Pe Ones Aeciciens > Steen tia 15,452 .0 232209 15.0 25.4 
LOGS isk. vc ete aie Sec etete ote Oe eee 16,033 .2 Zeke 14.5 Pao)! 
Mela oey ae (sh ated crn ects Oia Sete ee Oo.S 85 OS boc Lie 91 7, 2,609.9 5e2 25d 
L9G Disval a, Soreraens Nisdel Weslo tie eeeh ea ache Sacto ook 18,172.9 2,746.4 aie 24.7 
19GB Fane ku eee ae Ree Oe 19, 459.9 3,147.9 16.2 256) 
LOGS... Sonic, seusnersuccennshins Peteishesecsucskesceacet een 20,,.922.8 3,486 .4 16.7 25.4 
1970 crea rae ceSelcra tot AR eroe eerste 22,412.0 3,894.0 17.4 N.A 
70/61) Ration seen ore a oe Leon cee ey, PX ANS} 


A matter of highest priority is the determina- 
tion by the Federal Power Commission of the 
natural gas reserves of the United States. In 
carrying out this independent survey and analy- 
sis, the Commission staff and other professionals 
commissioned by the FPC, and under direction 
of the Commission, will use geophysical and 
geological data to make individual estimates 
of natural gas reserves on a reservoir by reservoir 
basis of a broad sampling of natural gas fields. 
This statistically valid sample will be extra- 
polated to cover the total census of natural gas 
fields so that a comprehensive estimate of natural 
gas reserves in the United States may be estab- 
lished. 


Natural Gas Resources 


The American Gas Association (A.G.A.), in 
conjunction with the American Petroleum Insti- 
tute (API) and the Canadian Petroleum Asso- 
ciation, prepares an estimate of the proved re- 
coverable reserves of the natural gas in the 
United States as of December 31 of each year. 
As of December 31, 1970, these were 259.6 tril- 
lion cubic feet (excluding 31.1 trillion cubic 
feet in Alaska) of which 90 percent were in the 
5 adjoining States of ‘Texas, Louisiana, Okla- 
homa, Kansas, and New Mexico. The reserves, 
shown in table 4.12 are gas for which both spe- 
cific location and quantity are known with a 
high degree of certainty. That is, existence in a 
specific location has been established by drilling 
into the reservoir containing the gas and the 
quantity has been estimated with reasonable 
precision. The general distribution of the major 
United States gas reserves is shown in figure 4.5. 

These reserves amount to 11.9 times current 
annual production. If this were all of the gas 
available, a shortage would develop rapidly. A 
shortage would be felt first by electric utilities 
because of the large volume they consume, the 
relatively low price they pay for gas, and the in- 
ability of some plants to switch to other fuels. 
Additional quantities of gas continue to be 
found, but the average discovery of 16.6 trillion 
cubic feet per year for the last 10 years is less 
than current annual consumption. In the past 
three years, additions to reserves were only 12.0 
trillion cubic feet in 1968, 8.3 trillion cubic feet 
in 1969, and 11.1 trillion cubic feet in 1970. 
During those three years the Nation’s finding-to- 


TABLE 4.12 


Estimated Total Proved Recoverable Reserves of 
Natural Gas in the United States ' 


[Trillions of Cubic Feet—14.73 psia, at 60° F] 
Reserves as of December 31, 1969 


Additions to Reserves During 1970: 
Net extensions and revisions........ 


269.9 


Net changes in underground storage. . 


FEOtaleACditionstrer teal cscrdn crcl er ate tere ce 32 11.5 
NetFProduction tere tis porate ree ae ie oem ce ee 


Reserves as of December 31, 1970 
INON-associatedcmareinmiair tie ei: 
ASSOGIaLeU=GissolV.eConm miter ae 56.2 
Wnderground storages eee 4.0 


1 Excluding Alaska. 


Table adapted from ‘‘Reserves of Crude Oil, Natural Gas 
Liquids, and Natural Gas in the United States and Canada 
and United States Productive Capacity as of December 31, 
1970,” Volume 25, May 1971: American Gas Association, 
Inc.; American Petroleum Institute; Canadian Petroleum 
Association. 


production ratio (excluding Alaska) fell to 0.6, 
0.4, and 0.5, respectively. 

While the exact amount of gas yet to be 
found is, of course, unknown, the problem is re- 
ceiving study and estimates are being prepared. 
The Potential Gas Committee? estimated that 
as of December 31, 1970, the potential supply, 
including Alaskan potential, beyond the proved 
reserves of 290.7 trillion cubic feet was 1,178 
trillion cubic feet. ‘This was divided into 257 
trillion cubic feet of probable reserves, 387 tril- 
lion cubic feet of possible reserves and 534 tril- 
lion cubic feet of speculative reserves. 

The United States Department of the Interior 
estimates that originally there were about 5,000 
trillion cubic feet of natural gas in place in the 


3 The Potential Gas Committee is sponsored by the 
Potential Gas Agency, Mineral Resources Institute, 
Colorado School of Mines and is composed of members 
from the gas producing, pipeline, and distribution in- 
dustry, observers from State and Federal regulatory 
bodies, American Gas Association, American Petroleum 
Institute, Independent Natural Gas Association of 
America and National Association of Regulatory Utility 
Commissioners. 
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United States. Of this quantity only half, 2,500 
trillion cubic feet, will be found and commer- 
cially recoverable. From this, about 1,000 tril- 
lion cubic feet of gas already found and either 
produced or included in the proved reserve 
above should be subtracted, leaving over 1,500 
trillion cubic feet yet to be found. 

Other estimators have used other methods 
with widely varying results. The ultimate quant- 
ity of gas produced will be determined in large 
part by future technology. The Plowshare Pro- 
gram discussed below is a prime example of pos- 
sible future technology which could have a pro- 
found effect on future natural gas reserves by 
raising the recovery factor in some types of re- 
servoirs which now cannot be produced econom- 
ically. 


Plowshare Program 


Project Gasbuggy is the first experiment to be 
conducted under the Atomic Energy Commis- 
sion’s “Plowshare” program for the commercial 
application of nuclear explosives. The general 
aim of the experiment is to prove the feasibility 
of nuclear stimulation of low-productivity gas 
reservoirs. The principal objectives are to deter- 
mine the effects of the nuclear explosion on the 
gas-bearing formation: how much fracturing oc- 
curs, the seismic effects that will be transmitted 
through the soil to surrounding structures, the 
characteristics of the radioactive materials 
formed, and ways of disposing of the materials. 
The project is being conducted under the joint 
auspices of the Atomic Energy Commission, 
United States Bureau of Mines, and the El Paso 
Natural Gas Company. 

On December 10, 1967, a 26-kiloton nuclear 
charge was detonated at a depth of 4,240 feet in 
the Pictured Cliffs formation of the San Juan 
Basin in northern New Mexico. The purpose of 
the explosion was to pulverize, melt, and vapor- 
ize the sandstone rock, thus creating a rockfilled 
chimney containing an estimated 1.6 billion 
cubic feet of gas. The Pictured Cliffs formation, 
when subjected to conventional fracturing, has 
an ultimate recovery factor of about 10 percent 
of the original gas in place. It has been esti- 
mated by the sponsors that nuclear fracturing 
could raise the gas recovery to as much as 50 to 
80 percent. 

A year after detonation it was determined 
that most of the principal objectives of the ex- 


periment had been met, and that more similar 
gas stimulation research projects would be re- 
quired. 

It was decided that additional tests are 
needed in the Gasbuggy area as well as other 
areas with different geological conditions before 
definitive conclusions can be drawn. At the pres- 
ent time, four other projects are in the planning 
stage. One of these, Project Rulison, was initi- 
ated during the summer of 1969. Three other 
projects that are pending are Rio Blanco in 
northern Colorado and Wagon Wheel and 
Wasp in western Wyoming. 

Nuclear gas stimulation could find widespread 
application to low permeability gas-bearing re- 
servoirs throughout the Rocky Mountain area if 
proven commercially feasible by Gasbuggy or 
other experimental projects. Based on present 
knowledge, however, it is impossible to predict 
the magnitude of gas reserves that may be re- 
leased by this technique. In any event, nuclear 
stimulation techniques are not expected to have 
a significant effect on domestic supply in the 
near future. 


Natural Gas Imports 


Additional natural gas resources are available 
to the United States consumer from outside the 
bounds of the 48 contiguous States. Natural gas 
has been imported from the fields of neighbor- 
ing Canada and Mexico for many years. While 
these imports amounted to only 3.5 percent of 
United States consumption in 1970, they were 
vitally important for some areas. Gas may also 
be transported across Canada from Alaska. 

Early exploration of the recently discovered 
oil and gas deposits of Alaska indicate that 
potential reserves are large, amounting to an 
estimated 327 trillion cubic feet. Pipeline trans- 
port of gas across Alaska and Canada, however, 
would be complex and costly. Preliminary esti- 
mates by gas transmission companies show that 
if the technical and ecological problems asso- 
ciated with laying and maintaining gas pipelines 


_in permafrost areas can be resolved, Alaskan gas 


may be delivered in the Northern Plains in the 
last half of this decade at approximately 75 cents 
per Mcf (at 1970 prices). 

The increased transport capabilities provided 
by the liquefaction of natural gas, described in 
a later section of this chapter, have encouraged 
programs now being implemented to bring 
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quantities of liquid natural gas from sources be- 
yond the seas. Worldwide resources are poten- 
tially available to augment our domestic and 
continental resources although other countries 
also will share the world supplies. 


Residual Fuel Oil 


Petroleum is consumed in the form of a vari- 
ety of liquid and solid products obtained from 
it. Residual fuel oil, as the name implies, is a 
residual refinery product and normally competes 
directly with natural gas and coal for heavy-fuel 
uses, such as the generation of steam at electric 
power plants. Because residual fuel oil is quite 
viscous and cannot be economically moved by 
pipeline over long distances, its competitive po- 
sition is greatest in areas with cheap water 
transport facilities or in areas adjacent to petro- 
leum refineries. Some low-sulfur residual oil is 
less viscous and can be moved economically by 
pipeline over greater distances. 


Nationally, residual fuel oil-fired plants con- 
tribute about 15 percent to generation by fossil- 
fueled plants. During the 1961-1965 period, fuel 
oil consumption by electric utilities increased 
gradually. Beginning in 1965, however, electric 
utility demand for fuel oil increased rapidly, as 
shown in table 4.13. 

Although residual fuel oil accounts for a rela- 
tively small portion of total electric generation, 
its role in some parts of the country is very sig- 


nificant. For example, in 1970 residual fuel oil 
accounted for approximately 82 percent of total 
thermal generation in the New England area, 38 
percent in the Middle Atlantic area (New Jer- 
sey, New York, and Pennsylvania), 44 percent 
in Florida, 17 percent in California, and 100 
percent in Hawaii. 

The growth in residual fuel oil consumption 
at power plants during the second half of the 
past decade proceeded at a greater rate than the 
growth in electric power generation. This has 
been due to new construction of oil-burning fa- 
cilities and to the shift to the use of fuel oil by 
some dual-fuel plants, mostly in the Northeast. 
A major attraction of residual oil during the 
1960’s was its declining price, as shown in table 
4.13. More recently, the demand for residual oil 
has increased because of expanding use of low- 
sulfur residual oil to meet sulfur oxide emission 
regulations. 


Residual Fuel Oil Supply 


Modern refining technology has made it possi- 
ble to substantially reduce the proportion of re- 
siduum produced from each barrel of crude oil. 
The actual quantities of residual oil produced 
vary depending on the price and quality of the 
crude, processing costs, demand for the higher- 
priced distillate products, transport costs, and 
the demand and price of residual oil. Because of 
the relatively high price of domestic crude oil, 


TABLE 4.13 


Total Domestic and Utility Consumption of Fuel Oil, 1961-1970 


Total Electric Utility Average Cost 
Domestic Utility Consumption to Utilities 
Year Consumption Consumption as Percent ‘‘as Burned’’ 
in 10° in 10° of Total in Cents Per 
Barrels Barrels ! Consumption 106 Btu 
LOG Seen ie eer ee te me ee we 548.7 85.7 E526 35.5 
196 2 Bee cos casts Me ctay 6 tine evade ee 545.8 85.8 Sys # 34.5 
LOG SAPO ME Gaeta vere ag coe choad 538.9 93.3 Gl ae: 33—5 
TOGA Bee lathe td aceeiela Nerttee ola gavel over a st tee, Sone 554.6 101.2 18.2 32.6 
AK 53a) soci dis: OOO EDIT OLS OS Oo LORNA ROT SI ONOS ST 587.0 Sez 19.6 33.1 
LOGGER Wise oie ces cite Petters snide nerd Meahake 626.4 140.9 2225 32.4 
ETS Sib bic. o'c RNG GiS ORR ERD co One REECE Spica 651.9 161.3 24.7 52e2 
LOGS Hemet kee cis sisis ae citecend code hots ale Ph, oe 668 .2 188.6 282 32.8 
be oh Feu biceicsece so) SRNR Reciclion ASRS re ae Bec oe Nar aioe remem eo (29 250.9 34.7 SiS 
BSBA O arses ch in-0 CERRO IOREMCSC) oho acd MERE RE 804.2 B32 mo 41.3 N.A 
/O/O1P Ration (oes ee ee coe acne eee 1.4 3.88 


1 Figures include small quantities of distillate oils. 
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the large demand for distilled products, and the 
low price for residual oil in relation to other pe- 
troleum products, United States refiners find it 
profitable to crack the oil as much as possible. 
Thus, the yield of residual oil from each barrel 
of crude has been steadily decreasing. During 
the ten-year period 1961-1970, while refinery 
runs increased by over 30 percent, domestic re- 
sidual oil output dropped from 315.6 million 
barrels in 1961 to 275.5 million barrels in 1970. 
The demand for residual oil does not normally 
effect increases in crude production and refinery 
runs, or greater refinery yields of residual oil at 
the expense of distillate products. In the last 
quarter of 1970, however, prices for residual oil 
increased sufficiently to elicit greater yields of re- 
sidual oil. 

Total original crude oil resources in the 
United States and in its continental shelves to a 
water depth of 200 meters are estimated at 2,380 
billion barrels as compared with 90 billion bar- 
rels which were withdrawn to January 1, 1969. 
The remaining petroleum resources of the 
United States are adequate to support consump- 
tion for many years into the future. The dis- 
covery rate, however, is such that only a 9-year 
supply of crude oil at the recent rates of pro- 
duction has been classed as proved reserves. ‘The 
real issue, therefore, is whether the vast United 
States crude oil resources can be located at a sat- 
isfactory rate and whether they can be produced 
at costs competitive with other energy sources. 


Large oil reserves were recently discovered 
along the northern shores of Alaska. Two dis- 
tinct methods for bringing Alaskan crude oil to 
consumers in the lower 48 States are being con- 
sidered. One would involve a north-to-south 
trans-Alaskan pipeline and shipment by ocean- 
going tankers to the West Coast. The other 
would involve the use of extra large oil tankers 
in a northern route around the North American 
Continent. In addition, an oil pipeline across the 
Canadian Arctic has been discussed. In any case, 
transportation costs will be high, adding sub- 
stantially to the relatively high cost of produc- 
tion in polar regions. 

Although development of the North Slope 
Alaskan oil fields has already begun, it does not 
appear likely that oil deliveries from that area 
will have a significant effect on the domestic liq- 
uid fuel supply until perhaps the latter part of 
this decade. 

It is expected that the Nation will become in- 
creasingly dependent on foreign sources of sup- 
ply for its residual oil requirements. Approxi- 
mately 90 percent of our residual oil imports 
originate in the Western Hemisphere. Venezuela 
and the Netherlands Antilles are the principal 
suppliers, accounting for nearly three-quarters 
of all imports. The domestic residual oil supply 
picture for 1961-1970 is shown in table 4.14. In 
time, however, as the World demand for distil- 
late products continues to increase, it is reasona- 
ble to expect that residual oil yields in foreign 


TABLE 4.14 
Domestic Supply of Residual Fuel Oil,’ 1961-1970 


Residual 
Crude Runs to Residual Residual Residual Oil Exports, Total Domestic 
Year U.S. Refineries, Oil Yield, Oil Output, Oil Imports, Transfers from Consumption, 
in 10° Barrels % in 10° Barrels in 10° Barrels Crude and in 10° Barrels 
Stock Changes, 
in 10° Barrels 
196] aoe 2, 987n2 10.6 315.6 243.3 —10.2 548.7 
19622eeeer 3,069.6 9.6 295.7 264.3 —14.2 545.8 
1963 ena Bo UAV sia Z 275.9 27228 —9.8 538 .9 
LOG4 aes ce Sr22 oS 8.3 266.8 295.8 —8.0 554.6 
L965en cee 3,300.8 8.1 268 .6 345.2 —26.8 587.0 
196Gee-eee 3,447.2 hil 264.0 376.8 —14.4 626 .4 
V96/ arene ae SOS 2n6 od 276.0 395.0 —20.0 651.9 
1968 ase 3,774.4 We 275.8 409.9 —17.5 668 .2 
1969 25-8 3,879.6 6.9 265.9 461.6 —5.6 721.9 
19 Omeeeere 4,005.6 6.4 257.5 557.8 —11.1 804.2 


1 Source: U.S. Bureau of Mines Minerals Yearbooks 
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refineries will follow the United States trend 
and the supply of residual oil may become tighter. 


Oil Import Control Program 


The Mandatory Oil Import Control Program 
was established on March 10, 1959, after a find- 
ing by the Director of the Office of Civil and 
Defense Mobilization that the level of imports 
at that time (about 18 percent of total supply) 
threatened to impair the national security. 
‘Thus, primarily for reasons of national security, 
imports of crude oil and products other than re- 
sidual fuel oil east of the Rocky Mountains 
were held to not more than 12.2 percent of the 
amount of domestic crude oil and natural gas 
liquids which the Secretary of the Interior esti- 
mated would be produced during the period for 
which the import allocations were granted. Im- 
ports of crude oil on the West Coast and resid- 
ual fuel oil on the East Coast were permitted to 
the extent necessary to make up the differences 
between demand and domestic supply of these 
~ commodities.4 

In 1966, there was a complete relaxation of 
restrictions on the import of residual fuel oil on 
the eastern seaboard. This made foreign residual 
fuel oil more accessible and accelerated the 
downward trend of residual fuel oil prices in 
the United States, substantially increasing the 
demand for it. As evident from tables 4.13 and 
4.14, residual fuel oil users in the United States, 
including electric utilities, are becoming increas- 
ingly dependent on foreign sources of supply. 

In March of 1969, the President established a 
Cabinet Task Force on Oil Import Control to 
make a comprehensive review of the United 
States oil import program. The Task Force ex- 
amined the effects of the present program and 
the impact to be expected from possible changes 
in the program. In February of 1970, a majority 
of the Task Force recommended that the pres- 
ent system of import controls be replaced with a 
system of tariffs geared to a somewhat lower do- 
mestic price of oil. A simultaneous report by a 
minority of the Task Force recommended con- 
tinuation of import controls, essentially in their 
present form. 

All Task Force members agreed on the need 
for a new management system to set policy for 


4 United States Department of the Interior, United 
States Petroleum Through 1980, Office of Oil and Gas, 
July 1, 1968. 


the oil import program. Consequently, the Presi- 
dent gave the Director of the Office of Emer- 
gency Preparedness the responsibilities for pol- 
icy direction, coordination, and surveillance of 
the oil import program, acting with the advice 
of a permanent cabinet level Oil Policy Com- 
mittee. Most day-to-day administrative functions 
will continue to be performed by the Oil Im- 
port Administration. 

The Oil Policy Committee found that recent 
interruptions in the flow of oil to Europe, while 
comparatively small in quantity, had caused sig- 
nificant disruption of the international oil situa- 
tion. Furthermore, the Committee believed that 
the country would be in a transitional situation 
with regard to oil, in part because of the uncer- 
tainty of when Alaskan oil will become avail- 
able and because of the effects of environmental 
programs. Finally, the Committee concluded 
that the problem of preventing dependence on 
relatively insecure sources of supply even as 
early as 1975 was more severe than originally es- 
timated. Consequently, the Oil Policy Commit- 
tee recommended to the President that consider- 
ation of the tariff system of import control be 
abandoned and that the quota system be contin- 
ued with some improvements. 


Low-Sulfur Residual Fuel Oil for the Electric 
Power Industry 


In 1968 and 1969, the greatest new demand 
for low-sulfur residual oil (less than 1 percent 
sulfur by weight) was by electric utilities in the 
Middle Atlantic area. In the Los Angeles Basin, 
regulations prohibiting the use of fuel oil (or 
coal) containing more than 0.5 percent sulfur 
have been in effect for several years. In the past, 
practically all of the low-sulfur residual fuel oil 
for the electric utility market was obtained 
through blending high-sulfur residual fuel oil 
with (1) naturally low-sulfur residual oil pro- 
duced from Indonesian crudes and from Libyan 
and Nigerian crudes; (2) light distillates; and 
(3) desulfurized residual oil. 

During 1969, several companies had under 
construction new facilities for the desulfuriza- 
tion of residual fuel oil in the Caribbean area. 
In addition, several plants for the production of 
low-sulfur residual oil, primarily from the bot- 
tom fraction from the atmospheric distillation 
of high-sulfur Venezuelan crudes, were proposed 
for the East Coast. Some of these plants would 
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produce residual fuel oil with a sulfur content 
as low as 0.3 percent. Facilities for the produc- 
tion of low-sulfur residual oil may in time sup- 
ply much of the low-sulfur residual fuel oil 
needs of the electric power industry, as long as 
imports of residual oil remain unrestricted. 


Increasing quantities of naturally low-sulfur 
residual oil are becoming available from Africa, 
where production of extremely low-sulfur crude 
oil is mounting rapidly, though recently the Li- 
byan government has been limiting production. 
The low-sulfur crude oil of Libya, and the resid- 
ual oil produced from it, is mostly paraffin based 
containing relatively high proportions of wax, 
somewhat complicating its use. On the other 
hand, Nigerian oil is essentially wax free. 


Oil Shale 


In analyzing the future United States petro- 
leum demand-supply picture, the Department of 
the Interior forecasts® that beginning in 1980 
the Nation’s total demand for petroleum will 
outpace total supply, even in the face of ever-in- 
creasing imports from abroad. To avoid future 
shortages it may become necessary to develop 
supplemental indigenous sources of oil supply 
such as oil shale, tar sands, and synthetic liquid 
fuels from coal. 


Large areas of the United States contain oil 
shale deposits. Areas in the States of Colorado, 
Utah, and Wyoming underlain by sedimentary 
rocks of the Green River formation are of great- 
est potential for commercial shale oil produc- 
tion. About one-half of the area has been ex- 
plored and the reserves have been estimated to 
include about 590 billion barrels in higher- 
grade shale formations which are at least 10 feet 
thick and yield over 25 gallons of shale oil per 
ton. An additional 1,150 billion barrels are esti- 
mated to be included in lower-grade deposits 
yielding 15 to 25 gallons of oil per ton. The un- 
appraised oil shale resources may contain simi- 
lar quantities of oil-bearing organic material. 

Development of the vast oil shale resources 
has been delayed primarily by the lack of satis- 
factory technology—mining and retorting of oil 
shale—which would enable production of shale 
oil at competitive prices. Development of an oil 


5U. S. Department of the Interior, A Planning Pro- 
gram for Oil Shale Development, May 1970. 


shale industry has been further complicated by 
the shortage of water in the area, inadequately 
defined leasing policiés, and the possible adverse 
environmental impact. 

Recognizing the long lead times associated 
with the establishment of a large-scale oil shale 
industry, the Department of the Interior has re- 
cently announced a Prototype Oil Shale Leasing 
Program for oil shale development to help meet 
the increasing energy requirements of the Na- 
tion. According to the Interior program, if oil 
shale leases are issued in 1972, shale oil produc- 
tion should begin about 1975 at an initial rate 
of approximately 18 million barrels per year. 
Presumably, the first-generation technology 
needed for this rate of production will continue 
to be improved from 1976 to 1980. Production 
capacity might increase by 18 million barrels 
per year, reaching a total production capacity of 
about 100 million barrels per year in 1980. 
After 1980, the second generation extraction-re- 
torting systems are expected to permit annual 
additions to shale-oil productive capacity of 37 
to 73 million barrels per year, reaching a cumu- 
lative capacity in 1985 of 300 to 500 million 
barrels per year. 

It is most difficult to forecast what effect resid- 
ual fuels from the oil shale industry will have 
on the fuel supply for electric power generation 
in the next 20 years. It is entirely possible, how- 
ever, that the oil shale industry will have an in- 
direct effect in that oil from shale may, in time, 
set upper limits on crude oil prices. 


Fuel Transport 


Except where nuclear fuel is employed to gen- 
erate electricity in power plants located near 
load centers, the transport of energy in one or 
another form constitutes a significant part of the 
total cost of electricity. Either the fossil fuels— 
coal, gas, and oil—must be transported from the 
source to the generating plant; or where the 
electric energy is generated at the source of fuel, 
as in the case of mine-mouth plants (coal), 
well-head plants (gas), or plants located near 
refineries (residual fuel oil), the generated elec- 
tricity must be transported to load centers by 
wire. The choice of energy transport is usually 
one of economics with the environmental im- 
pact now receiving increasing emphasis. 
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Coal Transport 


Practically all types of surface transport are 
employed in the delivery of coal to electric utili- 
ties. ‘Table 4.15 shows bituminous coal and lig- 
nite shipments to electric utilities, by mode of 
transport during 1959 and 1968. A large 275- 
mile pipeline for the delivery of coal in slurry 
form from eastern Arizona to southern Nevada 
was completed in 1970. 


Rail Transport 


Coal is the largest single item of all-railroad 
freight traffic. Important factors in the rapid 
growth of railroad coal shipments to electric 
utilities have been the development of the unit- 
train concept and passage of the Transportation 
Act in 1958. Prior to 1958, the prevailing vol- 
ume rate rule would not permit multi-car rates 
to be less than 85 percent of single car rates. 
Passage of the Act and subsequent interpreta- 
tions by Federal courts made it possible for rail- 
roads to offer incentive rates to electric utilities 
and other volume consumers of coal. 

The introduction of unit trains has enabled 
railroads to reduce freight rates substantially, 
with significant savings to electric utilities. In 
the unit-train or shuttle-train concept, both lo- 
comotive power and commodity-carrying cars 
operate as a single unit between the mine and 
consignee. Trains are broken up only for neces- 
sary repair and servicing of particular cars or 
engines, which are immediately replaced by re- 
serve equipment. Simplified car accounting, 


elimination of intransit switching and reduction 
of terminal switching, and faster turnarounds 
have increased substantially the utilization of 
railroad cars. Unloading of 7,000 to 10,000-ton 
train loads in four to eight hours is now quite 
common. Some utilities are capable of even bet- 
ter performance. For example, at the Bull Run 
steam-electric plant of the Tennessee Valley Au- 
thority, a train of 72 100-ton cars can be un- 
loaded in 20 minutes, with a total turnaround 
time of less than one hour. 

The cost per ton of unit-train coal transport 
is primarily a function of distance, annual vol- 
umes, and the number of railroads involved. 
Frequently, electric utilities find it advantageous 
to own coal cars to assure their availability and 
to provide optimum maintenance. Figure 4.6 
shows 1968-1969 average unit-train rates in 
mills per ton-mile for representative hauling 
conditions. Due to inflationary pressures all 
freight rates have increased since that time. 


Water Transport 


Coal movements on inland waterways are es- 
sentially limited to the central eastern portions 
of the country: on the Kanawha and Mononga- 
hela Rivers to the Pittsburgh area; on the IIli- 
nois and Upper Mississippi Rivers to Chicago 
and the Twin Cities; from the Western Ken- 
tucky and Southern Illinois fields to steam 
plants located on the Lower Ohio, Tennessee 
and Mississippi Rivers; and from Western Ken- 
tucky fields to the Gulf via the Ohio and Missis- 


TABLE 4.15 


Bituminous Coal and Lignite Shipments to Electric Utilities, by Mode of Transport, 1959 and 1968! 


Greatellakestr see tte ae ee scheme cece 
EDIE Water seen cay fet he eee ay ee Oe a Naren o's 


1959 1968 

Million Percent Million Percent 

Tons of Total Tons of Total 

A ee HAS 45.2 1532) Bl a) 
ae eee ta) 74 40.8 100.9 34.0 
he (38.6) (23-1)) (67.1) (22.6) 
ERA (V5.5) (9.3) (20.8) (7.0) 
eee (14.1) (8.4) (13.0) (4.4) 
Zee 13.3 7.9 Sy sf) 8.6 
Nae 10.2 6.1 W7/ gs 5.9 
Bea ee 167.3 100.0 297 .3 100.0 


1U.S. Bureau of Mines Mineral Market Reports. Bituminous Coal and Lignite Distribution. 
2 In Ex-river shipments final delivery to consumers is by an overland transport method. 
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sippi Rivers. In addition, some coal moves on 
the Great Lakes. 

Conventional volume movements of coal in 
barges normally involve three sets of barges and 
one tow boat—an arrangement necessitated by 
the slowness of loading and unloading barges. 
One set of barges remains at the mine for load- 
ing while the second set is at the utility plant 
being unloaded and the third set is in transit. 
Only a small proportion of the operating coal 
mines, however, are located sufficiently close to 
navigable rivers to permit direct loading of coal 
into barges. In other instances, the coal cannot 
be delivered to the consumer directly from the 


barges. Consequently, nearly two-thirds of the 


coal shipped on the waterways requires trans- 
shipment. 

In spite of the apparent drawbacks, barge 
transport of coal is relatively inexpensive and 
remains in demand where transshipments are 
not required, or where a significant portion of 


the distance from the mine to consignee can uti- 
lize barge transport. In some instances, availabil- 
ity of return freight helps to keep barge rates 
low. 

To maintain their competitive position, barge 
companies are installing rapid loading and un- 
loading equipment, and barges are being de- 
signed to accommodate this equipment. Intro- 
duction of modern equipment, capable of 
loading barges at the rate of 4,000 to 5,000 tons 
of coal per hour, has in turn led to the recent 
introduction of the “unit-barge’” movement of 
coal, patterned largely after the unit-train con- 
cept. 


Pipeline-Slurry Transport 


The pioneering effort in long distance, coal 
slurry transport by pipeline was the Consolida- 
tion Coal Company’s 108-mile system from 
Cadiz, Ohio to the Eastlake plant of the Cleve- 
land Electric Illuminating Company. Built in 
1957, the 10-inch diameter pipeline transported 
an average of over 1,000,000 tons of coal per 
year. It was shut down in 1963, when railroad 
freight rates were drastically reduced on all coal 
leaving District 8 in Ohio. The economic im- 
pact which this system made on rail tariff rates 
and the role it played in the development of the 
unit-train concept are beyond question.°® 

Generally, because of the high capital invest- 
ments and the inherent characteristics for 
achieving substantial economies of scale, pipe- 
line-slurry systems are competitive only when 
large annual volumes of coal are involved and if 
the contractual periods of coal delivery are rela- 
tively long. Other important considerations in 
comparing the economics of pipeline systems 
and unit-train transport are the length of the 
rail siding required and the amount of work 
necessary to upgrade the existing track in order 
to deliver coal by rail. 

With these considerations in mind, the Pea- 
body Coal Company contracted to deliver by 
pipeline at least 117 million tons of coal over a 
period of 35 years, from Black Mesa, Arizona, to 
the 1,500 megawatt Mohave Plant in southern 


6 The technology of pipeline-slurry transport of coal 
and a description of the Cadiz-to-Cleveland pipeline are 
presented in the 1964 National Power Survey, Volume II, 
Advisory Committee Report No. 21, Fuels for Electric 
Generation. 


J-4-22 


Nevada. Conventional transport by rail would 
have required the construction of 135 miles of 
spur track from Black Mesa and from the plant 
site to the Santa Fe Railway’s main line. The 
18-inch, 275-mile pipeline system, including the 
slurry preparation plant, a pump station at the 
point of origin, and three intermediate booster 
pump stations, was completed in 1970 at a cost 
of about $35 million. Figure 4.7 shows the loca- 
tion of the pipeline system. 

Run-of-the mine coal, averaging approxi- 
mately 11,000 Btu per pound, about 0.5 percent 
sulfur, and 7.9 percent ash, is delivered to the 
slurry preparation plant in particle sizes of up 
to two inches. A series of crushing and grinding 
mills reduces the particle size. The dry coal will 


be mixed with water in a 50-50 weight ratio 
prior to delivery to the pipeline. 


The Mohave Plant requires 660 tons of coal 
per hour. The slurry, therefore, will move 
through the pipeline system at a rate of 4500 
gallons per minute and at a velocity of 5.8 feet 
per second. The coal slurry is pushed through 
the pipeline by thirteen, 1700-horsepower pumps 
installed at the four pumping stations along the 
line. Delivered coal slurry is stored temporarily 
in tanks to provide uniform, uninterrupted flow 
to the plant. The coal slurry is dewatered in 
centrifuges and fed to pulverizers, where the 
surface moisture content is reduced to about 
25 percent prior to delivery to the boilers. Water 
from the centrifuges is run through a clarifier 


BLACK MESA-MOHAVE 
COAL-SLURRY PIPELINE 


| UTAH 
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and then used as makeup for the plant circulat- 
ing water system. 


Transportation of Natural Gas 


The movement of natural gas from the reser- 
voir to the ultimate user requires a continuous 
pipe between these points. More than 891,000 
miles of pipeline have been installed by gas 
companies to accomplish this movement. More 
than 248,000 miles of these pipes are classified as 
transmission mains of which about 72 percent 
are subject to the jurisdiction of the Federal 
Power Commission. Most of these lines originate 
in the major producing states of Texas, Louisi- 
ana, New Mexico, Oklahoma and Kansas. Natu- 
ral gas is now marketed in all of the forty-eight 
contiguous states and Alaska. 


Liquefied Natural Gas (LNG) 


Liquefied natural gas consists mainly of meth- 
ane; but it may also contain traces of ethane 
and propane. It is essentially colorless and odor- 
less and will seldom be viewed directly since the 
liquid state at atmospheric pressure requires a 
temperature below —258°F. At a pressure of 
673 psia it remains a liquid up to —116°F. The 
regasification of one cubic foot of LNG results 
in a volume of approximately 632 cubic feet of 
methane at 70°F and 14.73 psia. The gas has a 
specific gravity of 0.55 to 0.6 as compared to 1.0 
for air. Since methane is lighter than air, it dis- 
perses rapidly if released to air. The specific 
gravity of liquefied methane is 0.3 as compared 
to 1.0 for water. 

The four basic processes in an LNG liquefac- 
tion plant are purification, liquefaction, storage 
and vaporization. Liquefaction of purified natu- 
ral gas is commonly accomplished by either the 
cascade or expander cycles. Storage of LNG in- 
volves cryogenic facilities that are (1) inground, 
(2) a combination of above ground and in- 
ground, (3) below ground concrete, or (4) con- 
ventional above ground metallic or concrete 
containers. Vaporization or regasification con- 


verts the LNG back to normal gas vapor form” 


by the addition of heat from ambient air, am- 
bient water, or direct fired or indirect fired va- 
porizers. 


International Transport 


The primary promise of LNG growth is that 
it opens sources of supply of natural gas which 


Figure 4.8—The San Diego Gas & Electric Company’s 
LNG plant liquefies and stores natural gas at minus 
258 degrees Fahrenheit. The 175,000 barrel storage tank 
holds the equivalent of 620 million cubic feet of 
natural gas. 


could not otherwise be reached. Several large- 
scale supplies of overseas natural gas for impor- 
tation into the United States have been pro- 
posed for LNG development. The largest to 
date has been that proposed by the El Paso Nat- 
ural Gas Company in its application before the 
Federal Power Commission to purchase one bil- 
lion cubic feet of liquefied gas per day over a 
25-year period from Sonatrach, the Algerian gov- 
ernment-owned oil and gas company. A fleet of 
nine tankers, each with a capacity of 120,000 
cubic meters, the equivalent of nearly 2.5 billion 
cubic feet in gaseous form, would transport the 
LNG. Reports on studies made in 1969 indi- 
cated that this Algerian LNG could be made 
available shipside in eastern seaboard ports for 
around 50 cents per thousand cubic feet. Storage 
and regasification costs would add another four 
cents per thousand cubic feet to the price of the 
gas. By late 1970, these estimated costs had in- 
creased about 20 percent. 

In addition, Distrigas Corporation of Boston, 
Massachusetts, has applied to the Federal Power 
Commission for authorization to import up to 
14 shiploads of LNG annually, approximately 
15.4 billion cubic feet, from Algeria to its termi- 
nals in Everett, Massachusetts and Staten Island, 
New York. The rates to be paid by Distrigas 
f.0.b. U.S. port of delivery range from 68 cents 
to 85 cents per million Btu depending on the 
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month of delivery. The price is subject to an 
automatic escalation. At the time this report was 
written the Commission was considering the FPC 
examiner's initial decision in this case, issued 
June 14, 1971, which would grant the applica- 
tion as sought, subject to several conditions as 
to reporting procedures, financing, and the stipu- 
lation that the initial import price will be kept 
at 68 cents per million Btu. 


Ocean Transport of Residual Fuel Oil 


One of the principal reasons why residual oil 
has been able to maintain a strong competitive 
position among the fossil fuels is the relatively 
low cost of ocean transport. The increasing size 
and speed of tankers, improved loading and un- 
loading facilities and navigational aids have 
helped keep the costs of ocean transport low. 

In 1959, the average deadweight tonnage 
(load carrying capacity) of the world’s tanker 
fleet used in the ocean transport of crude petro- 
leum and petroleum products was 19,100 tons. 
The average size of ships under construction or 
ordered during that year was 37,800 deadweight 
tons. By the end of 1968, the average dead- 
weight tonnage of the world’s tanker fleet had 
increased to 33,700 tons; the average speed had 
increased from 14.8 knots in 1959 to 15.8 knots; 
and the average size of tankers under construc- 
tion or ordered in 1968 was 104,500 deadweight 
tons. The larger ships built in recent years or 
under construction, however, are used primarily 
in long hauls of crude oil. Because of the rela- 


tively shorter hauls associated with the bulk of 
the residual fuel oil deliveries to this country 
from various points of origin in the Western 
Hemisphere, and because of draft limitations in 
East Coast ports, many of the tankers used for 
residual fuel oil transport are of the 30,000 to 
40,000 ton class. These ships, generally engaged 
in a single commodity, shuttle type service, are 
usually equipped with steam coils to facilitate 
the removal of the residual fuel oil from the 
tankers. 


Interfuel Competition 


During the ten-year period, 1960 through 
1969, electric utility demand for fossil fuels in- 
creased 90.6 percent (from 262.9 to 501.0 mil- 
lion tons of coal equivalent). During that pe- 
riod the average annual compound growth rate 
of fossil fuel demand by electric utilities was 7.4 
percent. This growth was unevenly distributed 
among coal, gas, and oil in the various Census 
Regions of the country. Fuel consumption by 
electric utilities, 1960 and 1969, and average 
growth rates by Census Regions are shown in 
table 4.16. 


While each of the fossil fuels finds some mar- 
ket in most of the states, individual fuels 
usually have a competitive advantage in any 
one region, with each region tending to have 
one dominant fuel. Except for non-economic 
considerations, such as government regulations, 
the choice of fuel for any one plant is normally 


TABLE 4.16 


Fuel Consumption by Electric Utilities, 1960 and 1969, and Average Growth Rates, by Census Regions 


COAL GAS OIL 

Consumption in 10¢ Tons Average Consumption in 10° Mcf Average Consumption in 10° Bbls. Average 
Region — ———_—— Compound ————————————- Compound. ———-_____ Compound. 

Growth Growth Growth 

1960 1969 Rate, 1960 1969 Rate, 1960 1969 Rate, 

Percent Percent Percent 

New England ?..5,00s 00cm. 5.9 5.0 —-1.9 12.9 6.9 —6.7 16.1 60.2 iSiec3 
Middle Atlantic............ 33.9 43.7 2.9 89.3 161.7 6.8 25) 98.6 16.4 
East North Central......... 69.8 118.0 6.0 61.4 166.3 11.7 1.3 3.8 12.7 
West North Central........ 10.2 99) .9) 9.0 245.1 398.9 5.6 1.6 2.0 255 
South Atlanticspun.. ces .u-6 PH fee? 63.8 9.9 147.4 268.1 6.9 14.2 56.9 16.7 
East South Central......... 26.9 46.9 6.4 532 129.6 10.4 0.1 0.3 13.0 
West South Central........ Hn 3 * 656.7 1,571.6 10.2 0.3 0.5 5.8 
Mountain ecco. citecine 2.8 10.7 16.1 135.0 186.5 Shays 2.6 Dap —1.8 
Pacific. pei coe soe. 0.0 0.0 0.0 323.7 590.0 6.9 24.1 19.8 —2.2 

United States Total 

(Gontiguous)iecoeciasn cre 176.7 310.3 6.5 1724.7 3,479.6 8.1 85.4 244.3 12.4 


* Insignificant. 
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based on a determination of which fuel results 
in the lowest cost of delivered electric power at 
the load center. In addition to the cost of fuel, 
such considerations as plant site and cooling 
water availability, fuel availability over a period 
of time, characteristics of the fuel supply mar- 
ket, magnitude and nature of fuel demand, 
proximity to transportation routes, regional var- 
iations in plant construction costs, transmission 
costs and availability of transmission rights-of- 
way, local tax structures, import restrictions, and 
environmental quality considerations, affect de- 
cisions on selecting the type and location of new 
generating stations. 

All factors considered, about ten years ago 
coal had an advantage and, consequently, was 
the dominant fuel for thermal electric power 
generation in the New England, Middle Atlan- 
tic, East North Central, South Atlantic, and 
East South Central States. Similarly, gas was the 
dominant fuel in the West North Central, West 
South Central, Mountain and the Pacific States. 
In recent years, the interplays influencing fuel 
choices have changed, and some areas—particu- 
larly New England—have shown definite shifts 
in the patterns of fuel use. The role which each 
of the fossil fuels played in the electric power 
generation picture in 1960 and 1969 in the var- 
ious Census Regions is shown in table 4.17. 


Factors Affecting Interfuel Competition 


Normally, historical data on the delivered 
price of fuels and estimates of future fuel prices 


provide an acceptable indicator for projecting 
interfuel competition. The technologies of elec- 
tric power generation and transmission, how- 
ever, are changing rapidly. Furthermore, the 
economic impact of the various factors affecting 
the delivered price of electricity, including envi- 
ronmental quality considerations, change signifi- 
cantly from plant site to plant site, so that re- 
gional and even State averages of prices which 
electric utilities paid for fossil fuels in the past 
fail to provide a reliable basis for projecting in- 
terfuel competition. It is possible, nonetheless, 
to examine some of the principal factors, evalu- 
ate their effect on interfuel competition during 
the past ten years, and to surmise the probable 
impact which these factors are likely to have on 
interfuel competition in the next two decades. 


Air Pollution 


The air pollution effects of the combustion of 
fossil fuels at electric generating stations are dis- 
cussed in chapter 11. 


High-Voltage Transmission 


Improvements in high-voltage transmission 
generally tend to improve the competitive posi- 
tion of coal. It enables the development of inac- 
cessible coal reserves and combustion of coal at 
the mine or at mid-point sites remote from 
densely populated load centers. On the other 
hand, this advantage is sometimes more than 
offset by the high costs of transmission right-of- 
way and the costs of minimizing the environmen- 
tal impact of high voltage transmission lines. 


TABLE 4.17 


Fossil Fuel Use for Electric Power Generation by Census Regions, as a Percent of Total BTU, 
1960 and 1969 


New England 9a). .< beicisterscs 01s oe serereetens oie uments moana es 
Middle Atlantic 2) a:i%t/tcat aires Ske ouherern ate eye oie terns amas 


West North. Central ic. wcities: ocean ok Se ee 
South Atlanticis ccuuck apes Ose oe Tn ee eee eae 


Coal Gas : Oil 
1960 1969 1960 1969 1960 1969 


BEN 58 23 5 2 37 73 
78 57 8 9 14 34 
96 93 4% 60) eee 1 

eikonal 47 55 2 ae 1 1 
77 70 15 13 8 17 

Syenehsie 92 89 8 DR ernerneniominwrcre)0.c 

a7 9.55 eee a fete’ ©. 6rs) ORS OM fol 100 LOO) rete wie wines eee 
26 5) 66 42 8 3 

Sietelole pets o, eperetensns: areerevers 68 83 32 17 

a segeust = 66 58 26 29 8 13 


Transport Limitations 

To date, transport limitations act primarily to 
impede the competitive position of residual fuel 
oil. Because of its relatively high viscosity, resid- 
ual fuel oil cannot be economically moved by 
pipeline over long distances, and, therefore, its 
competition for the thermal electric market is 
limited to areas with cheap water transport fa- 
cilities or to areas adjacent to petroleum refiner- 
ies. 

High-viscosity residual oil can be made to 
flow through longer pipelines if the pipelines 
are heated—a prohibitive cost item in most in- 
stances, although research is underway to im- 
prove the efficiency and effectiveness of pipe 
heating systems. Research is also underway, to 
develop a low-cost fuel additive which will 
lower the temperature at which residual oil will 
flow. Such developments would improve the 
competitive position of residual oil. 


Nature of Fuel Demand by Electric Utilities 

The average size of generating units being in- 
stalled is constantly increasing. Because electric 
utilities require an assured long-range supply of 
fuel, and in the case of coal and oil, main- 
tenance of substantial fuel stock piles for emer- 
gency use, the increasing average size of generat- 
ing units has led to the following trends: 


1. Long range contracting to assure a 
continuing supply of fuel and to take 
advantage of economies of scale in both 
fuel purchasing and transport. 


2. Decreasing dependence on spot buying. 
Undoubtedly, some companies burning 
residual oil or coal will continue to buy 
spot fuel whenever the spot offer is 
below the firm contract price, or to 
strengthen their stock pile when the re- 
serve becomes uncomfortably low. Gen- 
erally, however, generating companies 
are expected to continue to decrease 
their dependence on spot purchases. 

3. Increasing dependence on a single fuel 
in plant design and construction. Nota- 
ble exceptions to this trend are plants in 
areas where off-peak gas is available at 
dump prices. 


Characteristics of the Fuel Supply Market 
In the period immediately following World 
War II the coal industry lost two major markets 


—the railroads and home heating—and was left 
with a great deal of excess capacity. Interfuel 
competition was keen and coal was readily avail- 
able on relatively short notice to satisfy the elec- 
tric power and other industrial demand. The 
post-war economic boom stimulated industrial 
coal consumption to the point that many small 
and inefficient mines sprang up. The operators 
of small mines soon found that they could not 
meet the competition, and the number of oper- 
ating mines started to decline rapidly after 
reaching a peak of 9,429 in 1950. The number 
decreased to 7,719 by 1959, and to 5,118 by 
1969. There is very little excess capacity in the 
coal industry today, and coal production is con- 
centrating more and more in the large, modern 
mines of a relatively small number of coal min- 
ing companies, some of which are subsidiaries of 
complex industrial conglomerates. 

A rapid rise in total United States energy con- 
sumption in the past several years coupled with 
delays in nuclear plant construction programs 
have resulted in unprecedented high levels of 
demand for all fossil fuels, but uncertainities of 
future air pollution control requirements, coal 
mine health and safety regulations, and continu- 
ing labor problems have discouraged coal mine 
development. The industry and the railroads 
were not prepared, and a very tight coal deliv- 
ery situation developed in the first half of 1970. 
This situation also served to magnify ‘equally 
tight situations in natural gas and residual oil 
supply. Consequently, fossil fuel prices increased 
significantly. The magnitude of the recent price 
increases is reflected in figure 4.9, showing the 
relative changes in the wholesale price index of 
fossil fuels (deflated by the Industrial Commod- 
ities Wholesale Price Index) . 

Much of the electric utility fuel demand for 
new, large coal-fired units can be met only by 
opening new mines. Because of the high invest- 
ment costs associated with the opening of new 
mines, coal mining companies frequently insist 
on long-term supply contracts. 

A serious question of future gas availability 
for electric power generation has recently arisen 
in the natural gas industry, particularly where 
interstate commerce subject to Federal Power 
Commission regulation is involved. The gas 
reserve-to-production (R/P) ratio has been con- 
tinually declining since the end of World War II. 
In 1946 the R/P ratio was as high as 32.5 to 1. 
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RELATIVE CHANGES IN THE WHOLESALE 
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Figure 4.9 


This ratio had declined to 26.9 to 1 in 1950, to 
20.2 to 1 in 1960, and to 11.9 to 1 in 1970. 

Gas producers contend that the declining R/P 
ratio is a reflection of the critical gas supply sit- 
uation and that any significant limitation on 
contract prices (for gas sold in interstate com- 
merce) would necessarily result in a dampening 
of essential exploration and development activ- 
ity which, in turn, will lead to a continuing de- 
cline in the finding-to-production and _ reserve- 
to-production ratios. 

Many producers claim that their uncommitted 
reserves, including potential reserves, are already 
too small to meet the projected demands of 
new, large generating units and there is a grow- 
ing reluctance on the part of the gas industry to 
make long range commitments to the electric 
power industry, particularly where interstate 
commerce subject to Federal Power Commission 
regulation is involved. For this reason, it ap- 
pears that the greatest potential for the growth 
of natural gas consumption for electric power 
generation in the foreseeable future exists in the 
West South Central States—the area where most 


of the Nation’s gas is being produced and where 
it can be delivered to power plants in intrastate 
commerce. 


At present there is great upward pressure 
on the price of natural gas. As the price of natu- 
ral gas (and that of other fossil fuels) increases, 
imported natural gas, including LNG, and syn- 
thetic, high-Btu gas from coal may become in- 
creasingly competitive with domestic natural 
gas, particularly on the East and West coasts 
and in areas adjacent to low-cost coal. 


At the present time imported residual fuel oil 
competes favorably with domestic fuels. As long 
as oil companies continue to make most of their 
profit from sales of refined products, it is reason- 
able to expect that the supply of residual fuel 
oil will become more limited in the years ahead 
as foreign producers tend to follow the United 
States trend toward a higher degree of crude oil 
refining. 


International Trade 


Three important aspects of international 
trade in residual fuel oil and LNG need to be 
considered in projecting future supply of these 
fuels for the electric power industry: 


1. The growing world competition for pri- 
mary energy resources; 


2. The effect which growing fuel imports 
will have on this Nation’s balance of 
trade; and 


3. The question of national security, i.e., 
how dependent can we afford to become 
on foreign sources of primary energy 
supply for electric power generation? 


Regional Outlook 


It is most difficult to predict how the afore- 
mentioned elements will intermix to affect com- 
petition among the fossil fuels; what elements 
may cease to have any significant bearing on in- 
ter-fuel competition; what new elements may 
emerge to alter the entire competitive picture; 
or how the various elements will combine to 
strengthen the competitive position of a particu- 
lar type of generation in any one region. On a 
national scale it is expected that by 1990 nu- 
clear fuel will be the major single source of 
primary energy for electric power generation. 
The inroads which nuclear fuel is making will 
result in a rapid decline in the compound an- 
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nual growth rate of fossil fuel demand from an 
average 7.5 percent during the 1961-1970 period 
to an estimated average 3.7 percent during the 
seventies and 2.7 percent in the eighties. 

Many of the elements discussed above were al- 
ready exerting some influence on the competi- 
tive position of the three major fossil fuels dur- 
ing the ten years from 1960 to 1969. Table 4.16 
reflects the changes in fossil fuel demand which 
took place during that period in the various 
census regions of this country as a result of 
these influences. Barring any major, unforeseen 
breakthroughs in the technologies of electric 
power generation and transmission, and any sig- 
nificant shifts in the roles which the competitive 
elements play, it appears that some of the devel- 
oping trends will continue into the foreseeable 
future. 

In the New England states residual oil con- 
sumption for electric power generation has been 
growing at a higher rate than the national aver- 
age while the use of coal decreased slightly and 
the use of gas declined significantly. Residual oil 
has emerged as the dominant fuel and it ap- 
pears that it will continue in that role for some 
time. 

In the Middle Atlantic States residual oil ex- 
perienced a much higher rate of growth than ei- 
ther coal or gas. It appears that primarily be- 
cause of air pollution control regulations the 
use of low-sulfur residual oil will continue to as- 
sume an ever increasing role in the fuel supply 
picture of that area. Coal, however, probably 
will remain the principal fossil fuel in western 
Pennsylvania and western New York. 

Although some residual fuel oil will be uti- 
lized in the East North Central Region, coal 
will continue to account for the bulk of the fos- 
sil fuels used for electric power generation in 
that area. The absolute growth of the use of 
this fuel will depend to a large measure on the 
successful development of satisfactory methods 
for preventing the sulfur contained in the coal 
from finding its way into the air. 

Coal and natural gas share about equally in 
the electric utility market of the West North 
Central States, although a slight movement in 
favor of coal is apparent. Because of the gener- 
ally low level of fuel consumption in the West 
North Central States, the projected use of low- 
sulfur-bearing North Dakota lignite in several 
relatively large plants should result in a contin- 


ued increase in the use of coal in that area. Gas 
will continue to be an important source of en- 
ergy in Kansas and Nebraska. 

Except for Florida, where residual fuel oil is 
and, will probably continue to be the single 
largest fuel used for electric power generation, 
the remainder of the South Atlantic Region is 
heavily influenced by the Appalachian coal in- 
dustry. Although the demand for gas and low- 
sulfur residual oil will continue to be strong, 
coal will most likely maintain its dominant posi- 
tion in that area. 

In part because of environmental considera- 
tions the rate of growth of natural gas demand 
will probably continue to be greater than that 
for coal in the East South Central Region. 
Nonetheless, total consumption of gas will re- 
main at a relatively low level as it is of major 
importance only in the State of Mississippi. The 
other three states of the Region—Alabama, Ken- 
tucky, and Tennessee—have substantial indigen- 
ous resources of coal and in those states coal 
will continue to dominate the electric utility 
market. 

The West South Central Region including 
the offshore areas, is the origin of 80 percent of 
the country’s current production of natural gas. 
Practically all the thermal power generated in 
the region is based on this fuel and gas is ex- 
pected to remain the principal fuel for this pur- 
pose in the two decades ahead. ‘The growth of 
natural gas demand in this area will also ac- 
count for most of the national growth in gas de- 
mand for electric power generation during the 
next twenty years. 

The Mountain States with vast coal resources 
which include large reserves of relatively low- 
cost, low-sulfur coal, have begun to exploit these 
resources on an increasing scale to generate elec- 
tricity not only for their own needs but also for 
the needs of the Pacific and Central States. 
Starting from a relatively low base, consumption 
of coal in the Mountain States for electric power 
generation grew at the phenomenal rate of 17 
percent annually during the 1960-1969 period. 
Coal has replaced natural gas as the leading 
power plant fuel in the area and is expected to 
continue to strengthen its dominant position. It 
appears that the Mountain States will continue 
to be the major source of coal for the electric 
power generating needs of the entire West. 

Natural gas is the principal fossil fuel in the 
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Pacific States. Practically all of the gas, however, 
is consumed in California where stringent air- 
pollution control regulations provide a favora- 
ble competitive climate for this fuel. 

The use of fossil fuels for electric power gen- 
eration in the Pacific Northwest has been 
negligible in the past. A large coal-fired plant 
under construction in the State of Washington 
will alter this picture, but not enough to make 
a significant change in the dominant position 


which gas will maintain in the entire Pacific 
area. 

The projected fossil fuel requirements for 
electric power generation by National Power 
Survey regions, are shown in figure 4.10. 

Regulations for air pollution and thermal ef- 
fects will become increasingly important in the 
future and could lead to some modifications of 
the trends indicated in this chapter and on the 
chart. 
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CHAPTER 5 


FOSSIL-FUELED STEAM-ELECTRIC GENERATION 


Introduction 


Fossil-fueled steam-electric power plants long 
have been the mainstay of the electric power 
industry. They currently account for about 76 
percent of total generating capacity and more 
than 80 percent of total generation. With in- 
creased reliance on nuclear power, they are ex- 
pected to account for only about 44 percent of 
both capacity and generation by 1990. Never- 
theless, the total capacity of these plants is ex- 
pected to increase from 259,000 megawatts in 
1970 to 390,000 megawatts in 1980, and 558,000 
megawatts in 1990. The total installed fossil- 
fueled steam-electric capacity from 1920 to 1970, 
with projections to 1990, is shown in figure 5.1. 
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The report of the Commission’s Technical 
Advisory Committee on Generation, entitled 
“The Generation of Electric Power,’ and pub- 
lished in Part IV of this Survey, includes a com- 
prehensive presentation on the past, present, 
and probable future position of fossil-fueled 
steam-electric generation in the total power sup- 
ply of the contiguous United States. Statistical 
and other pertinent information on thermal 
plants are included in the annual publication of 
the Federal Power Commission entitled “Steam- 
Electric Plant Construction Cost and Annual 
Production Expenses.” 

This chapter summarizes data on fossil-fueled 
steam-electric plants and discusses those aspects 
of fossil-fueled steam-electric power supply 
which relate to its progress and its potential 
limitations. ; 

Engineering criteria concerned with supplies 
of cooling water, adequacy of fuel supply, fuel 
delivery and handling facilities, and proximity 
of load centers have always been important fac- 
tors in the selection of power plant sites. More 
recently, however, environmental factors have 
gained in influence and now often dominate in 
the selection of sites. 

Environmental problems involved in power 
plant siting include the discharge of objectiona- 
ble gases and particulates to the atmosphere, the 
rejection of waste heat to natural bodies of 
water, the discharge of chemical and sanitary 
wastes, and esthetic considerations. ‘These mat- 
ters are discussed in chapters 10, 11 and 12. 

Historically, the improvements in steam-elec- 
tric generating units have been fairly continu- 
ous and adequate to meet the needs of the 
electric utility industry. Although nuclear-fueled 
and gas-turbine-driven generating units have at- 
tracted more attention from the technical press 
and the public during recent years, there have 
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been substantial advances in conventional fossil- 
fueled steam-electric power supply technology. 


The major progress in conventional fossil- 
fueled steam-electric generation during the past 
decade has been increases in unit size, reduction 
in manpower requirements per unit of capacity, 
automation, better recording of operating data, 
and improvement in operating reliability of 
auxiliaries. Reductions in fossil-fueled steam- 
electric production costs per kilowatt-hour were 
significant until about the end of 1966, despite 
continuing inflation. Since that time, however, 
increases in construction and operating costs 
have more than offset the gains made through 
technological improvements. 


Sizes of Units 


In 1930, the largest steam-electric unit in the 
United States was about 200 megawatts, and the 
average size of all units was 20 megawatts. Over 
95 percent of all units in operation at that time 
had capacities of 50 megawatts or less. By 1955, 
when the swing to larger units began to.be sig- 
nificant, the largest unit size had increased to 
about 300 megawatts, and the average size had 
increased to 35 megawatts. ‘There were then 31 
units of 200 megawatts or larger. By 1968, the 
largest unit in operation was 1,000 megawatts; 
there were 65 units in the 400 to 1,000 mega- 
watt range; and the average size for all operat- 
ing units had increased to 66 megawatts. In 
1970, the largest unit in service was 1,150 mega- 
watts; three 1,300-megawatt units were under 
construction; and three additional 1,300-mega- 
watt units were on order. The average size of all 
units under construction was about 450 mega- 
watts. As the smaller and older units are retired, 
the average size of units is expected to increase 
to about 160 megawatts by 1980 and 370 mega- 
watts by 1990. 


Capital costs per kilowatt and operation and 
maintenance costs per unit of energy generated 
are less for large units than for small ones. This 
creates incentives to install larger units which 
will continue until, at some size and some point 
in time, the incremental savings may be offset 
by added physical or operational problems. This 
point is not expected to be reached, particularly 
for large utilities or those operating in pools, 
until sometime after 1990. While experience 
with large units to date has shown some in- 


Figure 5.2—This 1,150-MW unit at TVA’s Paradise Steam 
Plant was the largest generating unit in service in the 
United States in 1970. 


crease in maintenance costs and reduction in 
unit availability, this is to be expected with pro- 
totype units, and the problems should be over- 
come as later generating units are placed in 
service. 


The maximum size of conventional 3,600 rev- 
olutions per minute (r/min), single-shaft gener- 
ating units expected to be in service by 1980 is 
approximately 1,500 megawatts. While increases 
beyond that may occur, it is not expected that 
the size of high-pressure, high-temperature, sin- 
gle-shaft turbine-generators will exceed 2,000 
megawatts by 1990. 


Some multiple-shaft units may reach sizes of 
2,000 to 2,400 megawatts by 1990, and techno- 
logical advances may permit development of 
cross-compound units as large as 3,000 mega- 
watts, although initial units in this size range 
are not expected to be installed until after 1990, 
and then they will probably be nuclear fueled. 


The sizes of the largest fossil-fueled steam- 
electric units placed in service since the initial 
two-megawatt installation in 1900, and the pro- 
jected maximum sizes to 1990, are shown on 
figure 5.3. No differentiation between tandem- 
compound (single shaft) and cross-compound 
(two or three shaft) units is shown on figure 
5.3. The cross-compound unit is being built in 
larger sizes than the tandem-compound unit. 
The smallest cross-compound unit listed today 
in the manufacturer’s catalogs is 250 megawatts; 
the largest is 1,500 megawatts. As a practical 
matter, very few cross-compound units of less 
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than 800 megawatts are being ordered because 
the tandem-compound units are generally more 
economical in the smaller sizes. ‘The present 
maximum size of tandem-compound units is ap- 
proximately 800 megawatts, but larger sizes are 
expected to accompany improvements in tech- 
nology. 


Sizes of Plants 


In 1948 there were only two steam-electric 
plants in the United States with capacities over 
500 megawatts—the 881-megawatt, 12-unit, Hud- 
son plant and the 630-megawatt, 9-unit, Hell 
Gate plant, both in New York City. Fifteen 
years later, in 1963, I'VA’s 9-unit, 1,700-mega- 
watt, Kingston plant was the largest. In 1970, 
the largest was ITVA’s 3-unit, 2,558-megawatt, 
Paradise plant. By 1973, the 4-unit, 3,200-mega- 
watt Monroe plant of Detroit Edison Company, 
now under construction, will be the largest 
plant. Some 12 plants will have capacities over 
2,000 megawatts by 1975. 

The economic advantage of size for individual 


Figure 5.4—Dairyland Power Cooperative’s Genoa plant 
south of La Crosse, Wisconsin, has a 350-MW coal-fired 
unit and a 50-MW boiling water reactor unit. 


units also applies to plant sizes. The cost of the 
components of a plant that are little affected by 
the number of units, such as office space, shops, 
docks, and landscaping, can be spread over more 
capacity. Coal handling equipment, cooling fa- 
cilities, and other appurtenances can also be op- 
erated at less cost per kilowatt-hour at larger in- 
stallations. he problems of site acquisition and 
development may be less severe for one large 
site than for two or more smaller ones. These 
and other advantages of large installations sug- 
gest that plant sizes will continue to increase 
during the years ahead. 

There are factors, however, that tend to limit 
plant sizes. For example, the amount of land re- 
quired for a coal-fired plant increases with ca- 
pacity principally because of requirements for 
coal storage, ash disposal, and cooling ponds or 
towers, if required. The amount of land and 
water required for large plants will preclude the 
use of many otherwise desirable plant sites. En- 
vironmental problems tend to be greater for 
large plants, and public reactions may limit the 
amount of capacity that will be permitted at 
any one location. Plant size is also a factor to be 
considered from the standpoint of reliability, 
and there is an important relationship between 
the maximum size of plants and the capability 
of system interconnections. 

On balance, the advantages of larger plants 
seem to outweigh the disadvantages. It is ex- 
pected that plants having 5,000 megawatts of ca- 
pacity will be in service by 1980, and that by 
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1990 maximum plant sizes may be as high as 
10,000 megawatts. 


Average Costs 


The average original investment cost of all 
steam-electric generating capacity in service and 
operated by Class A and B privately owned elec- 
tric utilities is shown on figure 5.5 for the years 
1950 through 1969. This chart indicates that, de- 
spite continuing inflation, the average invest- 
ment cost per kilowatt of total installed generat- 
ing capacity decreased during the 1960-1968 
period. Price inflation, higher labor costs, in- 
creased investment in environmental protection 
equipment, and a rapidly increasing demand for 
facilities caused a sharp reversal of this trend, 
beginning in 1969. 

Larger generating units, outdoor type con- 
struction where feasible, and unit type construc- 
tion (one boiler per turbine-generator), have 
been the principal contributing factors to lower 
capital costs per kilowatt of capacity. Other fac- 
tors that have helped to reduce unit costs in- 
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clude: an increase in the number of large single 
shaft units, reduced weight per megawatt of tur- 
bine-generator capacity, standardization of 
design of major equipment items, prefabrication 
and assembly of boiler tube panels, and the in- 
creased use of heavy construction equipment in 
building the plant and installing the equip- 
ment. 

The estimated cost per kilowatt-hour of pro- 
ducing steam-electric energy is depicted by 
figure 5.6 for each year from 1946 through 1969, 
and for 1940, the last full year prior to World 
War II. The “Operation and Maintenance” and 
“Fuel” expenses are based on recorded costs 
computed from total reported operating expen- 
ses. Unit fixed charges were estimated and 
added to the production expenses to obtain the 
estimated total unit cost of electric energy. 


The declining trend in costs per kilowatt-hour 
that prevailed from 1959 through 1966 will 
probably not recur in the foreseeable future. 
Cost increases due to inflation and other factors 
will more than offset technological gains. 
Longer construction periods and greater control 
of air quality and thermal pollution will add to 
future costs. 
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Figure 5.7—Unit No 1 in the Asbury plant of The 
Empire District Electric Company. Coal is transported 
from mine to plant by conveyor, and cooling water for 
the 200-megawatt unit is pumped from four deep wells. 


Centralized control and increasing automation 
of plant operations are expected to permit some 
reduction in the number of plant employees per 
megawatt of capacity. Other factors tending to 
reduce manpower requirements are the ever-in- 
creasing unit and plant sizes and modernization 
and mechanization of fuel handling equipment 
and facilities. Figure 5.8 shows graphically the 
reduction in manpower requirements per mega- 
watt of capacity as unit size and number of 
units increase. On the other hand, higher labor 
costs may negate the manpower savings. By 
1990, technical personnel, including those on 
shift assignment, are likely to require the equiv- 
alent of a bachelor’s degree to qualify for em- 
ployment in the highly sophisticated plants that 
will then be operating, whereas in the past, op- 
erating and maintenance personnel have been 
craftsmen whose skills were developed largely 
through on-the-job training and experience. 

Lower fuel costs during the last decade were 
due to competition among the suppliers of fossil 
fuels, adoption of mechanized and strip coal 
mining, more economical methods of transporta- 
tion, and improved efficiency of generating 
plants. The entry of nuclear-fueled generating 
capacity on an economic basis has introduced an 
alternative source of power to compete with 
fossil-fueled electric generation. Despite this, 
beginning about mid-1969, the cost of fossil fuels 
for steam-electric power plants has increased sub- 
stantially. This has been due in part to coal 
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shortages resulting from underestimated demand 
and increased foreign exports of U.S. coal, and 
delay in completion of nuclear units. Other im- 
portant factors have been the enactment of air 
quality standards, requiring the use of more ex- 
pensive low-sulfur fuels, higher transportation 
costs associated with obtaining such fuels, dis- 
locations of transportation equipment sometimes 
necessitating costly alternative transportation ar- 
rangements, and increased mining costs attribut- 
able to the Federal Mine Health and Safety Law 
which became effective April 1, 1970. 


Steam Conditions 


Since 1964 turbine throttle steam conditions 
for large new generating units have been rela- 
tively constant, with pressures up to 3,500 psi 
and Fahrenheit temperatures of 1,000° initial 
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and 1,000° reheat. Although some large 2,400 
and 2,600 psi units are on order, the 3,500 psi 
units predominate in sizes of 500 megawatts and 
larger. A few double reheat generating units 
have been built with reheat temperatures of 
1,025° and 1,050°F. No units have been ordered 
since 1964 with pressures above 3,500 psi or tem- 
peratures (initial or reheat) higher then 
1,050°F. These limits on steam pressure and 
temperature result primarily from metallurgical 
considerations. Metals that will withstand 
higher temperatures are expensive and the 
equipment designed for service at those temper- 
atures has experienced both maintenance and 
reliability problems. 

The history of maximum operating turbine 
steam pressures and temperatures on installa- 
tions during the 69-year period, 1900 to 1968, 
and corresponding estimates through 1990 are 
shown on figures 5.9 and 5.10. ‘These charts 
show that pressures and temperatures continued 
to increase over a long period of years until 
about 1960, then declined and leveled off, as ex- 
perience dictated, after that time. Based on pres- 
ent technology, the relatively small gain in 
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efficiency in changing from 3,500 to 5,000 or 
even 6,000 psi and from 1,050°F. to 1,200°F. is 
not sufficiently large to justify the substantial 
additional capital and annual expenditures nec- 
essary to install and maintain equipment made 
of metals required for these steam conditions. 
Improved metals should be available during the 
next decade and they may induce some increase 
in pressures and temperatures, Major increases, 
however, are not anticipated. 


Heat Rates 


Heat rate, as the term is used in the electric 
power industry, is the amount of heat input in 
British thermal units (Btu) required to produce 
a net output of one kilowatt-hour of electrical 
energy. Until improved alloys are developed to 
permit higher steam pressures and temperatures, 
the rate of decline in average heat rates will not 
be as rapid as in the past. Recent improvements 
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in both turbines and boilers, apart from steam 
conditions, have contributed to somewhat lower 
heat rates, and increases in unit size have also 
provided some advances, but better metals and 
higher throttle temperatures offer the best po- 
tential for further major improvements. 

The national record annual operating heat 
rate for a turbine-generator unit is 8,534 Btu 
per kilowatt-hour. It was established in 1962 by 
the Philadelphia Electric Company’s 350-mega- 
watt Eddystone No. 1 — a _ 5,000 psi, 
1,200°/1,050°/1,050°F., double reheat unit. This 
is the first and only 5,000 psi, 1,200°F. unit in 
service in the United States. In its ten years of 
operation, its availability has been somewhat 
less than expected and the annual heat rate has 
varied from the low of 8,534 Btu in 1962 toa 
high of 8,874 Btu in 1967. ‘The best annual heat 
rate for a 3,500 psi, double reheat unit was 
achieved by Eddystone No. 2, the same size as 
No. 1, also in 1962—8,633 Btu per kilowatt- 
hour. This unit was placed in service in late 
1960. The Eddystone record was bettered in 
1969, on the basis of a partial year of its initial 
operation, by Duke Power Company’s Marshall 
Noor oe unit {witha “heat rate. “of "8/617 
Btu/kilowatt-hour for about 4,600 operating 
hours. The unit continued high performance 
operation in 1970 with a heat rate of 8,638 
Btu/kilowatt-hour for the full year. Most of the 
lowest annual heat rates have been achieved by 
cross-compound units, but the Marshall No. 3 
unit is tandem-compound, with 1000°/1000°/ 
1000°F double reheat. 


Figure 5.11 shows that heat rates for the most 
efficient fossil-fueled steam-electric stations de- 
creased markedly until 1959, and then leveled 
off. Projected heat rates are shown through 
1990. National average annual heat rates will 
continue to decline as new generating capacity 
with low heat rates is installed and older, less 
efficient capacity is retired. The decline may be 
slowed, however, by the types of fuels which 
must be burned to meet air quality standards. 


Base Load Units 


All of the high-pressure, high-temperature, 
fossil-fueled steam-electric generating units, 500 
megawatts and larger, have been designed as 
“base load” units and built for continuous oper- 
ation at or near full load. Daily or frequent 
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Figure 5.12—The 1,606-megawatt Haynes plant of Los 
Angeles Department of Water and Power, at Seal Beach, 
California, has six units and uses gas and oil for fuel. 
Pacific Ocean water is used for condenser cooling. 


“stops” and “‘starts’” are not consistent with 
their design and construction and so-called ‘“‘cy- 
cling” or part-time variable generation was not 
originally comtemplated for these units. How- 
ever, by the time units having lower incremen- 
tal production costs become available for base 
load operation, it is believed that the earlier 
“base load” units can be adapted and used as 
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“intermediate” peaking units. The units placed 
in service during the 1960's still have 15 or 
more years of base load service ahead of them, 
but eventually the installation of more economi- 
cal base load equipment may make it desirable 
to convert to peaking service those units which 
are suitable for such conversion. 


Base Load Units with Built-!n 
Peaking Capability 


A few base load units in the size range of 200 
to 400 megawatts have been designed to carry, 
for a few hours at a time, loads as much as 25 
to 30 percent above the base load rating. Such 
greater short-time loading is accomplished by 
bypassing a top feedwater heater, thus increas- 
ing the steamflow in the lower turbine stages 
and decreasing the thermal efficiency. ‘The elec- 
tric generator and the boiler plus various auxil- 
iaries are sized to match the turbine’s top rat- 
ing. The additional short-time capacity is 
obtained at a capital cost somewhat less than 
that for a conventional steam peaking unit. Op- 
eration at loadings in excess of the base load 
rating results in a substantial increase in thé 
overall heat rate of a unit. A 350-megawatt unit 
of this type has been operating since 1964 in the 
North Lake plant of Dallas Power and Light 
Company. Other units of this type have been 
constructed and additional units probably will 
be built in isolated cases, but they are not ex- 
pected to provide a significant portion of total 
requirements for peaking capacity. 


Peaking Units 


Steam-electric peaking units, sometimes re- 
ferred to as mid-range peaking units, are de- 
signed for minimum capital cost and to operate 
at low capacity factor. They are oil- or gas-fired, 
with a minimum of duplicate auxiliaries, and 
operate at relatively low pressures, temperatures, 
and efficiencies. They are capable of quick start- 
ups and stops and variable loading, without 
jeopardizing the integrity of the facilities. Such 
units are economical because low capital costs 
and low annual fixed charges offset low 
efficiency and operation at low capacity factors. 
The units can, however, be operated for ex- 
tended periods, if needed, to meet emergency 
situations. 

The first of such fossil-fueled steam-electric 


peaking units, a 100-megawatt, 1,450 psi, 1000°F., 
non-reheat, gas-fired unit, was installed in the 
Arsenal Hill plant of Southwestern Electric 
Power Company, at Shreveport, Louisiana, in 
1960. Two earlier low capital cost fossil-fueled 
steam-electric plants—the 69-megawatt, single- 
unit Bird plant of the Montana Power Com- 
pany (1952), and the 313-megawatt, two-unit 
Martins Creek plant of Pennsylvania Power and 
Light Company (1954) —were generally classi- 
fied as hydro standby; they were not straight 
peaking installations. The Martins Creek plant 
was later modified for base load operation. 

With increasing loads and the accompanying 
need for additional peaking capacity, at least 27 
peaking units of this general type were on order 
or under construction at the end of 1970. All 
are either oil- or gas-fired, because the added 
costs of coal and ash handling facilities for 
peaking units are not justified by the small fuel 
cost saving that might be realized by using coal 
Eight of the 27 units are in the 250- to 350-mega- 
watt class, fifteen in the 400-megawatt class, and 
four in the 600-megawatt class. Most of the 
units are designed for steam conditions of 1,800 
psi and 950° /950°F. 

The size of peaking units being installed is 
generally from five to ten percent of system ca- 
pacity. If this pattern is to prevail for the larger 
systems of the future, peaking units of 1,000 
megawatts capacity, or more, could be utilized. 
Existing technology is adequate to permit design 
of such units, but new applications of the tech- 
nology will be necessary. For example, the prob- 
lems associated with the need for steam temper- 
ature control suggest the possibility of multiple 
furnace installations with separately fired con- 
trol surfaces. ‘These and other problems are solv- 
able, and it is expected that steam peaking units 
in all size ranges will gain in prominence, par- 
ticularly in areas where hydroelectric potentials 
are limited. 

Some foreign manufacturers have built peak- 
ing units using variable pressure boilers which 
are reported to have rendered satisfactory cycli- 
cal service. 


Changing Operational Patterns for 
Older Units 


The 25- to 100-megawatt generating units in 
the 650 to 1,250 psi, 650° to 900°F., pressure- 
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Figure 5.13—Turbo-generator in the Allegheny Power 
System’s Fort Martin mine-mouth plant. 


temperature ranges installed from 1930 to 1950 
have been sturdy, dependable, and long-lived. 
With larger generating units coming into serv- 
ice, many of these older units, especially those 
of 50 megawatts and larger, are being modified 
to serve the upper part of the daily load curve. 
These older units do not have the quick startup 
characteristics of gas turbine peaking units and 
they were not designed for automatic operation. 
Nevertheless, they are available and can operate 
a few hours per day for peaking and at other 
times for “‘hot” reserve, ready to take on load 
when required. 

In several cases where such older units are as- 
signed to peak load service, coal-fired boilers 
have been converted to oil or oil-gas firing to re- 
duce operation and maintenance labor costs. 
Maintenance costs are an important factor in 
determining the extent and type of use to be 
made of such older units. 

During the last half of the 1970’s and into the 
1980’s, the changeover from many hours of con- 
tinuous generation to a few hours of use with 
daily or weekly starts and stops will probably be 
extended to include the 125- to 200-megawatt 
units installed from 1950 to 1960, or later. This 
group will include the reheat units with pres- 
sures of 1,450 to 2,400 psi and temperatures of 
950° to 1,000°F. To make them useful as well as 
environmentally suitable for such changed oper- 
ations, modifications and adjustments will need 
to be made in the units. 


Maintenance 


Power plant equipment represents a large in- 
vestment and is expected to have a very high de- 


gree of service availability during its 30 to 40 
year life. Such performance is not attainable 
without periodic inspections and continuing 
maintenance. 

Scheduled equipment inspections identify 
worn, faulty, or otherwise defective equipment 
that needs overhauling, repairing, or replacing. 
To make the best and most economic use of 
sources of power supply, and to reduce exposure 
to excessive forced outages, scheduled plant 
maintenance programs are coordinated with 
maintenance schedules of all important plants 
on an interconnected system and, frequently, in 
adjoining systems. 

At newer installations, physical inspections of 
power plant equipment are supplemented by 
automatic scanning, data logging, and alarm de- 
vices which identify actual or potential trouble 
points. Preventive maintenance resulting from 
such surveillance eliminates some failures and 
forced outages. As more experience is gained 
with scanning and logging equipment, it is ex- 
pected to provide an improved basis for estab- 
lishing the optimum period between physical 
inspections. 

Use of contract maintenance for major items 
of equipment, particularly boilers and turbine- 
generators, is increasing. Most manufacturers 
have expert maintenance crews at strategic loca- 
tions throughout the country. ‘These crews are 
available to inspect and service equipment on a 
regularly scheduled basis. ‘There are also inde- 
pendent maintenance firms which specialize in 
such work. An example of an arrangement for 
such maintenance is the agreement between the 
“Keystone Plant Owners Group” and the boiler 
supplier for the two 820-megawatt Keystone 
units in Pennsylvania. The agreement provides 
for an annual boiler inspection and for any nec- 
essary repairs and overhauling. The mainte- 
nance work is scheduled using the “Critical 
Path’? method—a method which provides a sys- 
tematic means of scheduling items of work so 
that the completed task is accomplished in a 
minimum time. 

Present experience with large coal-burning 
steam-electric power plants indicates that 55 to 
65 percent of total maintenance expense con- 
cerns the boiler plant. Annual maintenance ex- 
pense on turbines and generators ranges from 15 
to 25 percent of total plant maintenance costs. 
Some increased maintenance and repair work is 
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associated with very high temperatures and their 
effects on metals and alloys used in the boiler 
and the turbine. Because of corrosion and ero- 
sion from sulfur compounds and fly ash, coal- 
fired boilers usually require more maintenance 
than oil- or gas-fired boilers. In addition, main- 
tenance is required on coal and ash handling fa- 
cilities, both of which are subjected to rough, 
heavy duty. There are sometimes added boiler 
maintenance problems at plants which are con- 
verted to burn low sulfur coal, because the 
boiler systems were designed to work best with 
coal having other physical and chemical proper- 
ties. 

The problems of scheduling maintenance be- 
come more pronounced as larger units are in- 
stalled, areas of coordinated operation are 
expanded, secondary system peaks increase, and 
system load factors improve. Timely and _ thor- 
ough maintenance is essential for system relia- 
bility. Some of the difficulties encountered in 
meeting loads during recent years were attribut- 
able, in part, to the fact that planned mainte- 
nance was postponed because of capacity defi- 
ciencies due to delays in service dates of new 
equipment, or perhaps in some cases incom- 
pletely carried out because of the need to restore 
units to service. 


Performance of New Units 


The performance of a generating unit may be 
rated in terms of its availability for service and 
its efficiency of operation. The availability for 
service is usually measured by scheduled and 
unscheduled outages. The availability of new, 
larger units with higher operating steam pres- 
sures and temperatures has, in general, not been 
as good as the availability of earlier units. The 
first of the units in this general category was 
placed in operation in 1957. Because of the rela- 
tively short in-service records of these large, 
modern fossil-fueled boiler and matching tur- 
bine-generator units, with highly complicated 
control systems and auxiliary equipment, nei- 
ther their maintenance requirements nor their 
scheduled and unscheduled outage rates have 
been firmly established. The so-called ‘‘shake- 
down” period for some of these very large gener- 
ating units has within recent times been as long 
as three to five years. It is during this period 
that initial operating problems are resolved to 


make the units dependable performers. Current 
judgment is that the average service life of these 
very large units will be about 30 years, includ- 
ing the “shakedown” period. 

While experience data are being accumulated, 
manufacturers, utilities, and engineering con- 
sulting organizations are cooperating in studies 
and analyses of forced outages to determine 
causes, probability of recurrence, and essential 
steps to improve the availability and reliability 
of large units. Particular attention is being 
given to protection against unnecessary tripouts 
of large units occasioned by transient system 
instabilities. Some malfunction or untenable 
condition in a boiler is the most frequent cause 
of forced outages of generating units. Problems 
in the turbine-generator are the next most fre- 


- quent cause. These may include an overheated 


bearing, water induction into the turbine, low 
oil pressure, control malfunctions or, in an ex- 
treme case, failure of major components. 


Trends in Boilers 


The size or rating of boilers is in terms of 
thousands of pounds of steam supplied per 
hour. The increase in boiler capacity was rather 
slow until 1955, as indicated by figure 5.14 
which shows maximum boiler capacities for 
1905 to 1968, with projections to 1990. Prior to 
1950, individual boilers were kept small, in 
large part because boiler outages were rather 
numerous, so that it was common design prac- 
tice to provide multiple boilers and steam 
header systems to supply a turbine-generator. 
Advances in metal technology since 1950, with 
associated lower costs of larger units, have made 
it economical and reliable to have one boiler 
per turbine-generator. 

It is anticipated that the steam output per 
boiler will continue to increase. Very large boil- 
ers, for turbine-generator units of about 1,200 
megawatts output and larger, in some cases will 
be of the double or twin furnace design. Fur- 
ther design and development is indicated on sin- 
gle furnace enclosures, length of soot blowers 
(gas-side cleaning equipment), forced and in- 
duced draft fans, control systems, and pressur- 
ized furnaces before a single boiler is used with 
a turbine-generator larger than 1,300 megawatts. 

With the increase in the steamflow from boil- 
ers and the raising of steam conditions to the 
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MAXIMUM CAPACITY OF BOILERS 
INSTALLED EACH YEAR 
1905-1970 Actual 
1971-1990 Projected 


STEAM FLOW - 1,000,000 POUNDS PER HOUR 


Figure 5.14 


3,500 psi and the 1,000°/1,050°F. level, mainte- 
nance problems increased and special efforts 
were needed to maintain service availability and 
reliability. With high temperatures and high ve- 
locity of fuel-air mixtures in the larger boilers, 
there is an increase in gas-side corrosion and 
erosion. Sulfur oxides present in the products of 
combustion produce additional problems of cor- 
rosion, and the damaging effects of the corrosive 
agents are compounded by the abrasive action 
of fly ash particles. Large single-furnace units 
experience expansion problems which have re- 
sulted in extensive stress cracking of waterwall 
tubing at buckstays, bustle and windbox attach- 
ments, and burner attachments. 

Efforts to attain superheat and reheat outlet 
temperatures significantly in excess of 1,000°F. 
have met with a difficulty labeled “metal wast- 


age.” In coal-fired boilers, this metal wastage 
form of corrosion is due to a liquid-phase alkali 
salt which forms at gas temperatures about 
1,600°F., and collects on the surface of the 
boiler tubes under an insulating layer of ash. 
The metal temperature range in which these 
salts cause the most corrosion is from 1,100°F. 
to 1,300°F. 

In the newer boilers using once-through flow 
and supercritical pressures, it is essential that 
non-corrosive feedwater be used to reduce scale 
formation and tube failure. In the older boilers, 
the drum provided a good place to “blowdown” 
the dissolved solids in the boiler water when the 
concentrations became too high, but there is no 
equivalent place in the new once-through sys- 
tems to perform this function. 

Additional design and development work is 
needed for further increases in size of the boiler, 
turbine-generator, and principal auxiliaries. 
Large capacity boilers of today contain over 300 
miles of tubing and about 50,000 welds and, be- 
cause of the pressures and temperatures to 
which they are subjected, great care must be 
taken to provide high quality materials and 
workmanship. Major improvements in metals 
and metal handling techniques will be required 
before substantial increases in pressures and 
temperatures become commonplace. 

There are a few installations where two ap- 
proximately half-size boilers per turbine are 
being provided in an effort to avoid the very 
large single boilers which otherwise would be re- 
quired. 


Figure 5.15—Long Island Lighting Company’s Northport 
oil-fired plant has a total generating capacity of 774.2 
megawatts in two units. 
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Prospects for Combined Cycles 


In the interest of obtaining electric power 
and energy at lowest cost, some attention has 
been given to combined cycles, and they are ex- 
pected to receive more research and develop- 
ment in the future. An example of a combined 
cycle is the gas turbine-steam turbine applica- 
tion described below. 


Gas Turbine-Steam Turbine 

The gas turbine-steam turbine cycle has been 
proved practical by the 243-megawatt Horseshoe 
Lake plant installed in 1963 by Oklahoma Gas 
and Electric Company, by the subsequent 133- 
megawatt San Angelo installation by West 
Texas Utilities Company, and by a few other 
smaller units. The functioning of this cycle is 
shown on figure 5.17, which is a simplified block 
diagram of the Horseshoe Lake generating unit. 
Figure 8.8 shows the San Angelo installation. 

Few units of this type are being scheduled for 
service, probably because of the lack of assur- 
ance of a future supply of natural gas or the 
high cost of other fuels suitable for use in the 
gas turbine. This type of combined cycle is not 
likely to be used in large units unless an accept- 
able coal-burning gas turbine is developed, and 
prospects for that are not promising. 


Combined Steam or Power/Incineration Plants 


The electric power industry can play an occa- 
sional role in providing a community service 
through the utilization of municipal waste as a 


Figure 5.16—Duke Power Company plans to utilize waste 
heat from gas turbines, shown at left, to permit retire- 
ment of several coal-fired boilers in its Riverbend Plant 
near Charlotte. 
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source of primary energy in the generation of 
steam and electric power. Fossil fuels would be 
saved in the process. 


Since incineration of solid waste has been 
practiced for some time, there is a considerable 
store of knowledge on this subject. Waste heat 
recovery from municipal refuse, however, is rare 
in the United States. Partly because of lack of 
space for landfill operations, higher fuel costs, 
and generally lower wages in most European 
countries, the economics of recovering heat from 
the burning of wastes are much more favorable 
and the practice more advanced there than here. 
Rapid growth in per capita production of refuse 
in the United States, coupled with such other 
factors as the growing scarcity and rising costs of 
suitable landfill areas near urban centers, in- 
creasingly stricter environmental control regula- 
tions prohibiting open burning and dumping, 
and the rising costs of fossil fuels, are all mak- 
ing the recovery of waste heat from refuse incin- 
eration more economically attractive. 


The cities of Chicago, Illinois and Harris- 
burg, Pennsylvania have started construction of 
steam-generating incinerators. The Chicago in- 
cinerator, consisting of four units, each with a ca- 
pacity of 400 tons of refuse per day, will have 
four boilers. Each boiler is expected to generate 
a steady 110,000 lb/hr of steam at 275 psig and 
414°F., using refuse with an average heating 
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value of 5,000 Btu/lb. The furnace sidewalls 
consist of vertical water tubes with welded fins 
to assure tight furnace construction. The incin- 
erator will have electrostatic precipitators. The 
Harrisburg incinerator, which is of the same 
type, is scheduled to dispose of 720 tons of re- 
fuse per day. 


A smaller municipal waste-conversion station 
was built earlier in Braintree, Massachusetts. 
Here, two boiler-incinerator units complete with 
water-cooled furnaces, convection banks, and 
economizers produce a total of 60,000 pounds of 
steam per hour from 240 tons per day of resi- 
dential, commercial, and industrial refuse. Plans 
for the incinerator included electrostatic precipi- 
tators for air pollution control. 


Potential users of municipal refuse for pro- 
ducing steam and electric power in the United 
States believe the technology and economics of 
waste heat utilization could be further improved 
through research and development. 

Recognizing the need to resolve some of the 
problems associated with steam generation in 
municipal refuse incinerators, the Solid Waste 
Management Office (SWMO) of the Environ- 
mental Protection Agency is currently sponsor- 
ing two projects with somewhat different ap- 
proaches to waste heat recovery. 


In Menlo Park, California the SWMO is 
testing on a 14, scale the feeding, shredding, 
combustion, and gas cleaning components of the 
Combustion Power Unit-400 (or CPU-400). In 
full scale, the CPU-400 is a gas turbine incinera- 
tor designed to burn refuse and generate electric 
power; it consumes 400 tons of refuse per day 
and generates 15,000 kilowatts of electric power. 
In the CPU-400 the refuse is shredded, dried, 
and burned in a high-pressure fluid bed reactor 
operating at 1,650°F. The particulate matter is 
removed from the high-pressure hot gas and the 
clean hot gas is expanded through a turbine to 
drive a compressor and electric generator. Heat 
energy remaining in the gas downstream from 
the turbine may be used to generate steam or 
for other uses. The CPU-400 is capable of fur- 
nishing ten percent of the electric power re- 
quirements of the community supplying the re- 
fuse. 


In a St. Louis, Missouri experiment, which is 


to begin on a full scale at Union Electric Com- 
pany’s Meramec Unit No. 1 (125 MW) early in 


1972, 10 to 20 percent of the coal will be re- 
placed with prepared municipal refuse. It is as- 
sumed that a relatively small percentage of 
properly prepared refuse mixed with the regular 
boiler fuel would present few, if any, problems 
in the operation of the boilers. 

If either or both of these experiments prove 
to be less troublesome and more economical 
than the European efforts, they may be adopted 
in many areas of the country resulting in less 
costly ways to dispose of city refuse, reducing air 
pollution, and conserving natural resources. In 
time, 5 to 10 percent of the Nation’s electric 
power requirements could be produced from 
municipal refuse. 


Automation of Steam-Electric Plants 


Large, modern high-pressure, high-tempera- 
ture generating units have many components re- 
quiring continuous monitoring and control, and 
although many problems must be solved before 
full automation of these plants will be achieved, 
there has been progress in automation since the 
first elementary control systems were developed 
in the early part of the century. Major steps in 
the evolution have been the advent of the cen- 
tral control room, the introduction of scanning, 
alarming, and logging instruments and _ recor- 
ders, and the installation of data-gathering sys- 
tems. Centralization, a major step in automa- 
tion, consists of bringing the controls of two or 
more steam-electric generating units into one 
central control room, in contrast to the remote 
monitoring and separate contro] stations used 
for manual supervision of the boilers, turbines, 
and auxiliaries during the first three or four 
decades of this century. 

Plants in operation today vary from those 
under complete manual supervision to a few 
that are completely automated. Full automation 
includes scanning, alarming, logging, and re- 
cording, plus computer control of plant starts, 
ES periods, and stops, either scheduled or 
emergency. All modern plants are automated to 
some degree but full automation is only rarely 
employed. 

The gas-fired Little Gypsy plant of Louisiana 
Power & Light Company, a 1961 installation, is 
an early example of the application of fully au- 
tomated controls to fossil-fueled generating 
equipment. Significantly more difficult problems 
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are involved in complete automation of coal- 
fired units and some of them still have not been 
adequately solved. 

Economies gained from computer control vary 
with plant designs, number of units per plant, 
and operating practices. The degree of automa- 
tion that will yield maximum economies is that 
which optimizes: (1) Reduction in overall 
maintenance costs; (2) detection of equipment 
problems; (3) reduction of manpower require- 
ments for operation; (4) reduction in plant out- 
age time; (5) fuel economy; and (6) plant reli- 
ability, taking into consideration the cost of the 
automation system. 


Successful operation of highly automated 
power plants requires competent and trained 
personnel for instrument and computer mainte- 
nance. Reductions in total operating personnel 
are offset partially by increases in higher paid 
maintenance personnel. 

A potential benefit of complete automation 
could be a reduction in plant investment, be- 
cause it would lead to better knowledge of 
equipment requirements and elimination of 
“over designed” portions of future generating 
units. Reduction of design margins might re- 
duce equipment costs by more than the cost of 
an automation system. 
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CHAPTER 6 
NUCLEAR POWER 


Introduction 


The advent and large scale use of nuclear en- 
ergy is probably the most important single 
change in the electric power industry during the 
past fifty years. The principal theme of nuclear 
power during its brief history to date has been 
development and commercialization, but the 
decades ahead will realize the benefits of effec- 
tive large scale use of this new source of electric 
power. 

The 1964 National Power Survey (NPS) rec- 
ognized the important role that nuclear energy 
would play in the future of the electric indus- 
try. There were in 1964 approximately 1,000 me- 
gawatts of nuclear generating capacity in com- 
mercial operation and 3,000 megawatts under 
construction or on order. The survey projected 
70,000 megawatts of installed nuclear capacity 
by 1980, a projection that was much higher 
than other projections of that time. But rather 
than being too high, the 1964 projections were 
far too low. Today’s NPS projection of 1980 nu- 
clear capacity is 140,000 megawatts, and in inde- 
pendent and more recent estimates, the Atomic 
Energy Commission predicts 147,000 megawatts. 
NPS and AEC estimates for 1990 are 475,000 
and 500,000 megawatts respectively. Although 
nuclear plant price quotations doubled over the 
past five years, nuclear fuel costs have not in- 
creased significantly, and nuclear power has re- 
mained competitive because of the increases in 
both capital and operating costs at fossil-fueled 
plants. 

As detailed in chapter 18, the Federal Power 
Commission now estimates that nuclear capacity 
will constitute 21 percent of the total electric 
utility generating capacity in 1980, and 38 per- 
cent in 1990. Nuclear plants will produce even 
larger proportions of the total electric energy to 
be generated. 

The doubling of the projected 1980 nuclear 


capacity in the present NPS, as compared to the 
1964 NPS, reflects the factors behind the surge 
of nuclear orders in 1967 and 1968 when nu- 
clear units represented more than 50 percent of 
the total capacity ordered. Greatly increased 
costs and ordering lead times led to a decline in 
orders in 1969 and 1970. However, it now ap- 
pears that the environmental problems of oil 
and coal-fired plants and the upward cost trend 
of fossil fuels will not be reversed and thus, 
with good operating experience on the new 
large nuclear plants, that orders for nuclear 
units will continue to increase in what appears 
to be a stable long term trend. 

The increasing commitment to nuclear energy 
will have important effects on system operation, 
cost sensitivities, patterns of fuel supply, solu- 
tions to environmental problems, capital re- 
quirements, personnel training, plant siting, reg- 
ulation, research, and other factors. While the 
specific character of these effects is not clearly 
foreseeable, their understanding by a wide vari- 
ety of individuals is essential to orderly growth 
of power systems. Consequently, this chapter 
provides a brief description of the current status 
and trends of nuclear power generation. 


Accelerated Growth of Nuclear Power 
Generation 


The capacity of nuclear generating units ex- 
isting, under construction, and on order as of 
June 30, 1971, as shown in table 6.1 totals 
98,520 megawatts. The general geographic loca- 
tion of these plants is shown on figure 6.1. Pro- 
jected installations to 1990 of nuclear, hydroelec- 
tric, and fossil-fueled capacity are shown in 
figure 6.2. A typical nuclear plant (No. 69 in 
table 6.1) is shown in figure 6.3. 

The megawatts of nuclear generating capacity 
placed in service and ordered by years, and the 
amounts which will have to be ordered and 
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TABLE 6.1 


Nuclear Electric Generating Units, Existing and Scheduled,' June 30, 1971 


Number ? and Site 


ALABAMA 
ls Decatunteneeert.c 
Qe Decaturem sacle 
nid Bloor athee eine alae c 
4eiDothan:).py-1 eet 
DP DOthanen oer 


ARKANSAS 
6londonts-aecret sc 
Je Loncdones2y eran 


CALIFORNIA 
8 Humboldt Bay... 
9 San Clemente.... 


10 San Clemente.... 
11 San Clemente.... 


13 Diablo Canyon... 

14 Diablo Canyon... 

15 Clay Station..... 

16 Mendocino 
County 

43 Mendocino 
County 


COLORADO 
Vinblattevilles= es a. 


CONNECTICUT 
18 Haddam Neck.... 
LOS Watertordennenr 
ZOMWiaterlorders ari 


FLORIDA 
2 etorkeve Pointer 
22 -vurkey holte.er 
PEs) Wesel IE ss oc 
24. Nts Pierce arenes. 
ESSE taeierceste ere 


GEORGIA 


ILLINOIS 
27 aMorrisee. ae 
2 8e MOErriSame ee 
PASIMIN KtaEIe Garo Bo oot 
30 
31 Zion. eee ee 
32) Cordoyaacc see 


33 


34 


Plant Name 


Browns Ferry, Unit 1...... 
Browns Ferry, Unit 2...... 
Browns Ferry, Unit 3...... 


Joseph M. Farley, Unit 1.. 
Joseph M. Farley, Unit 2.. 


Ark. Nuclear One, Unit 1.. 
Ark. Nuclear One, Unit 2.. 


Humboldt: Bayan... 4-1 
Nan O©noire wl) 1s pene 


SanjOnotres Wnitw2e eee 
San OnofremUnit Sees ce 


Diablo Canyon, Unit 1.... 
Diablo Canyon, Unit 2.... 
RanchorSecossae ae acer 


tate V call ee ene 


FiaddamiNeckrys icine 
MillstonewUniteleersen eee 
Millstone, Unit 2 


QurkeysPoint-sU nit 3aeew er 
Turkey Point, Unit 4...... 
Crystal River, Unit 3...... 
Hutchinson Is., Unit 1.... 
Hutchinson Is} Unity? Seen 


Edwin I. Hatch, Unit 1... 
Edwin I. Hatch, Unit 2... 


Dresdenw Unit leer mere ge 
Dresden Unit. 2 sere 
Dresdens Unites. 
FASB ABST Nas SBS SoS S 5.0 HE 
ZAOTLS Wn tee ener ees 
Quad-Cities, Unit 1....... 


Quad-Cities, Unit 2....... 


La Salle County, Unit 1... 


Utility 


Alat: Power CO ween sees te eee 
Alas: PowerCoves sacs eee 


ArkeRower ce light) Cone titet 
Arka bOwerméa Light Comer eet 


Racine Gasrocr ecu Gop ene nee 

So. Calif. Edison & San Diego Gas 
& Elec. 

So. Calif. Edison & San Diego Gas 
& Elec. 

So. Calif. Edison & San Diego Gas 
& Elec. 

leeyeuire (Gen we WC, COscnchooaccac 

PacitioGaszé- Eb} lees Comme ae Gee 

Sacramento Mun. Util. Dist........ 

PaciticisGas cab lees Cones 


Pacihic Gasié Elec, Coma ene ee 


Publicsservas Corot Colowee eae 


Conn. Yankee Atomic Power Co.... 
Northeast, Utilities: es citer deters 
Northeast+U tilittess= sees eee oe 


Blas Pwr oc, ioht, Comercio cree 
Flay Pwr scslight!Comeray er fer 
Florida) Power Corprepe eee ero. ae 
Bla Bwreéoldight Compe rrr 
BlayP wre é ticht Commeeenee eae 


Georgia Power Cos. -eeee eee 
Georgiasbower Coma. errr rae 


Comm. Ed. Co.—Iowa-Ill. Gas & 
Electric Co. 

Comm. Ed. Co.—Iowa-Ill. Gas & 
Electric Co. 

Commonwealth Edison Co......... 
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Initial Initial 
Commercial Commercial 
Capacity Operation 
(Megawatts) 
1,065.0 1972 
1,065.0 1973 
1,065.0 1974 
829.0 1975 
829.0 1977 
820.0 1973 
920.0 1975 
68.5 1963 
430.0 1968 
1,140.0 1976 
1,140.0 1977 
1,060.0 1974 
1,060.0 1975 
804 .0 1973 
1,128.0 1976 
151286 1978 
330.0 1972 
5/520 1968 
O52 ml 1971 
828.0 1974 
693.0 1971 
693.0 1972 
858.0 1972 
800.0 1974 
800.0 1976 
786 .0 1973 
786. 1976 
200.0 1960 
809.0 1970 
809 .0 1971 
1,050.0 1972 
1,050.0 1973 
809.0 1971 
809.0 1972 
1,078.0 1975 


Number 2 and Site 


TABLE 


Plant Name 


ILLINOIS—Continued 
SOmoeN ECA. chess: 


INDIANA 
36 Dune Acres...:.. 


IOWA 
37 Cedar Rapids.... 


LOUISIANA 
MeL Arts. ts tere cose + = 


MAINE 
Gm VISCASSCU Eee 


MARYLAND 


MICHIGAN 
44 Big Rock Point... 
45 South Haven..... 
46 Lagoona Beach... 
47 Lagoona Beach... 
A3 Bridgman... . =... 
49 Bridgmane...-- .- 
SOR Midiandereen errr 
OUMidland se. 31.104 


MINNESOTA 
Jom Monticelloma cr 
Da mwedsVVing erect 
Somveda yin gee) 


NEBRASKA 
56 Fort Calhoun... 
5S7ebrownvillessee. 4 


NEW JERSEY 
59) Toms) River...... 
60s salem ee cease. 


63 Bordentown...... 


65 Lacey Township. . 


NEW YORK 
66 Indian Point..... 
67 Indian Point..... 
68 Indian Point..... 


La Salle County, Unit 2... 


Maine Yankeemmntir or 


@alv.ert) Glittss Writs leer 
Calvert Clitts; Unit 2-5... 


Yankees. donteeee ner eetere 
Pilorimite. severe: lee alae 


Big sROCKSEOMGa eerie ters 
Ralisad esiyee tiene: Giact 
Enrico Fermi, Unit 1 
Enrico! ermie Unite 2a oe 
Donald C. Cook, Unit 1... 
Donald C. Cook, Unit 2... 
Midlances Wintel seine 
Midland sini 22ers 


Monticello caer 
Prairie Island, Unit 1 
Prairie Island) Unit 25. 4. - 


@Oystem@reckae ee ore 
Salem, Unit 1 


SallGitny Wilt, oc ocoscawor 
INGw boldanWinita leer 


INew bold Winite2-ea-na er 


Forkeaainiversence see oor 


ibayeteewe) Wtoybaty, Whar to ooh oe 
IndiansPomt nites 
Indian) Pomt, Unite. ane 


6.1—Continued 


Utility 


Commonwealth Edison Co......... 
Commonwealth Edison Co......... 
Commonwealth Edison Co......... 


Northern Ind. Public Service Co.... 


lowa) Elecyltcceb wire Come 


(omistantas bwisse Gen lite Coe ae Sens 


Me. Yankee Atomic Pwr. Co....... 


Balt. Gas & Elec. Co... 
Balt. Gas & Elec. Co... 


Yankee Atomic Elec. Co 


Boston Edison Co...... 


Consumers Power Co... 


Consumers Power Co... 
Detroit Edison Co..... 
Detroit Edison Co..... 
Ind. & Mich. Elec. Co. 
Ind. & Mich. Elec. Co. 
Consumers Power Co... 
Consumers Power Co... 


Northern States Pwr. Co........... 
INorthernystates: Pwrs Cons aa 
INorthernsstatesi wie Conn niennie 


Omaha Public Pwr. Dist........... 
Nebraska Pub. Pwr. Dist. & Iowa 


Pwr. & Light Co. 


Jersey Cent. Pwr. & Lt. 


Comet 


Pub. Serv. Elec. & Gas Co. of New 


Jersey 


Pub. Serv. Elec. & Gas Co. of New 


Jersey 


Pub. Serv. Elec. & Gas Co. of New 


Jersey 


Pub. Serv. Elec. & Gas Co. of New 


Jersey 


Jersey Cent. Pwr. & Light Co...... 


Consolidated Edison Co 
Consolidated Edison Co 
Consolidated Edison Co 
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Initial Initial 
Commercial Commercial 
Capacity Operation 
(Megawatts) 

1,078.0 1976 
1,100.0 1978 
1,100.0 1979 
660.0 1976 
GPS) 7 1973 
1,165.0 1977 
790.0 1972 
845.0 1973 
845.0 1974 
MSC 1961 
655.0 1971 
T0no 1965 
700.0 1971 
60.9 1970 
1,123.0 1974 
1,054.0 1973 
1,060.0 1974 
492 .0 1976 
818.0 1977 
545.0 1971 
530.0 1972 
530.0 1974 
457.4 1972 
778.0 1973 
560.0 1969 
1,050.0 1973 
1,050.0 1974 
1,088.0 1975 
1,088.0 1977 
1,140.0 1976 
265.0 1962 
873.0 1971 
965.0 1973 


TABLE 6.1—Continued 


Initial Initial 
Number ? and Site Plant Name Utility Commercial Commercial 
Capacity Operation 
(Megawatts) 
NEW YORK—Continued 
69" Scribal scree Nine’ Mile Pomt. onsen Niag. Mohawk Pwr. Corp......... 625.0 1969 
JOO Rochester cece REV Ginna seer Rocha Gast cca EL eC Comer a teeter 420.0 1970 
71 Brookhaven...... Shoreham sc. ce ae te Long Island Lighting Co.......... 819.0 1975 
2 ANSI sree ee Bells seria aa iee ee cere or IN2eYiatates Eb lecncc Gas! Comer 838.0 1978 
Toe erplanckear in V erplancke sates eae ConmEdison Colter - tne osneEet ia i Pay 1978 
74 SCRIDA ost aia ben et James A. Fitzpatrick...... Pwr. Auth. of State of New York.... 821.0 1973 
NORTH CAROLINA 
7D Southport. pasa Brunswick, Winitel ase Carolina Pwresécsllt. Connon eer 821.0 1975 
76 Southport....... Brunswick, Unit 2........ @arolina) Bwr Sculets Colm nneiema te 821.0 1974 
78 Cowans Ford..... WirmabeMcGuire, Unitele am Duke:Power Comes. ae 1,150.0 1975 
79 Cowans Ford..... Wm Bs McGuire; Unit 255° Duke Power Gone .en eee 1510020. 1977 
DD Bonsall ei. mea sn: Shearon) Elarris. Unit liv Carolina b. Warmers lot Comer eee 900.0 1977 
SOM BONSal nee ee ShearonyLiarrissU nit 2a carolina bwWrc lita Comen en een 900.0 1978 
647 Bonsal vier ae.eree Shearon!Elarriss Unit 34.508) Carolinayewrecc lta Connee een aee 900.0 1979 
TL @BODSAl aol eee 3.4 2 Shearon Harris, Unit 4.... Carolina Pwr. & Lt. Co........... 900.0 1980 
OHIO 
80 Oak Harbor..... Davis-Besse)o 5s as ae Toledo Edison-Clev. Elec. Ilum. Co. 872.0 1974 
B2EMOSCOW sts os: Wins LH. Zimmers. eee Gincinnati Gas) &7 Elec. Coser 810.0 1975 
OREGON : 
S4-sPrescotthita.-)- 1: LPO aie Males ogi ss stofuloiocie « PortlandiGen® Blecy Comme err AO LO 1974 
PENNSYLVANIA 
86 Peach Bottom.... Peach Bottom, Unit l..... Philadelphia Eleca Comer iereiiets 40.0 1967 
87 Peach Bottom.... Peach Bottom, Unit 2..... Philadelphia Elees Coney eiee 1,065.0 1973 
88 Peach Bottom.... Peach Bottom, Unit 3..... BhiladelphiajElec.aC ome tae 1,065.0 1974 
89 Pottstown........ Timerick, Unite reer BhiladelphiayHlecsiCors a5 be 1,065.0 1975 
90 Pottstown........ MimerickssUnity2 cea tate oe Philadelphia*Elee Cogn... d.sulhene 1,065.0 1977 
9isShippingport;.... Shippingports..s eer Duquesne: Licht Comearen er 90.0 1957 
92 Shippingport..... Beavecay alic yar era Duquesne Light Co., Ohio Edison 847 .0 1973 
Co., and Pennsylvania Pwr. Co. 
93 Middletown...... Three Mile Island, Unit 1.. Metropolitan Edison Co........... 831.0 1972 
94 Middletown...... Three Mile Island} Unit 2..." Jersey’ Cent. Pwr? & Lt! Cote. - 907 .0 1974 
OSs Berwickeern ten Susquehanna, Unit 1...... Pa. Power: & Light'Cont a. see - 1,052.0 197 
S67 Berwick pecs Susquehanna, Unit 2...... Fan Powermsu bightsGone aera 1,052.0 1980 
SOUTH CAROLINA 
OF Hartevilles 22s Hr By Rovinsoits + sc hate Carolina Pwrs & Ets Cos ese ie 700.0 1971 
98 (Seneca. ee Oconces Unit leer reer Duke; Power Come as ster eee ae 841.0 1971 
99° Seneca: 2.scc55 se OconeesUnit 23s. eae Duke: Power! Comma see cen 886 .0 1972 
LOO Seneca err se @Oconee, Uniti3apeeeee cee Duke Power Come eee ce cee 886 .0 1973 
LOLs Pare. on sic Virgil C. Summers. «ccm: . S. Carolina Elec. & Gas Co........ 900 .0 1977 
TENNESSEE 
102° Daisy. sear ie eee Sequoyah, Unit 1......... SDV A Rees cones oe ait eee ae 1,124.0 1974 
103. Daisvirw wae Sequoyah, Unit 2......... LV Aries ira lena ine een eae oe 1,124.0 1974 
110 Spring City...... Watts Bary Uni legen TV An or Ginn sore teeiacie teenie. eer 1,169.0 1976 
PRLS Spring City cre Watts Bar Uniti2en saa TV Anca Rise toe Ce eee 1,169.0 1977 
VERMONT 
LO4s Vernonia! te yn: Vermont Yankees 155-2 .97 Vt. Yankee Nuclear Pwr. Corp..... 31329 1971 
VIRGINIA 
105 Gravel Neck..... Surry; Unitl2ctitasc ees Va. Blec. 6c Power Coser nes 780.0 1971 
106 Gravel Neck..... Surry, Unit 2-.menecn oe ee Vas blecs & PoweriCows. o7 4. ee 780.0 1972 
L072 Mineraley se oe North Anna, Unit 1....... Var-Blec::é&, Power Cormeen. seer 845.0 1974 
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TABLE 6.1—Continued 


Initial Initial 
Number 2 and Site Plant Name Utility Commercial Commercial 
Capacity Operation 
(Megawatts) 
VIRGINIA—Continued 
108 Mineral......... North Anna, Unit 2....... Wiaw lecerccs Power: COseaaeineie sn oees 845.0 1975 
OleMineral 25 240. fa INorthyAnna, Wintt Geen ce Viate HleCe ocr LOWED) Co neeianin en ee 900.0 1977 
SoeMineralen. os. ee North Anna, Unit 4....... Va Hlees co Lower Conmeum nie eae 900.0 1978 
WASHINGTON 
OSB Richland sve N-Reactor/WPPSS Steam. Wash. Pub. Pwr. Supply System... . 790 .O 1966 


PvP Richland. 4. 905. irFrantorcd eNom sates 


Wash. Pub. Pwr. Supply System.... 


1,103.0 1977 


WISCONSIN 
Pi2 eehoa 7 Pon. 5), [sa Cross€isn.cto jae cists Hes Dairyland’ PwreCoop eis seeks se 50.0 1971 
WSS wor Creeks. see Pointebeach at) nitaleeeee tr WiscNichs, Pwrs@onpacm wane. a: 497 .0 1970 
114 Two Creeks...... Pomt Beach) Unit 2seeer a Wises Mich bwraCoseme sear neer 497 .0 1971 
iS Garlton asc ee IS CWA EG «ic cht sg ntee > Wise. Public ServecGorp .., <8. cs, cas 540.0 1972 
UNKNOWN 
SE a lethal s Cee oN tans: towne ok of es © VAS Apert ee = oe Oe eas 1,201.0 1977 
BONO: be Oe oceans nee ea Ninaee Tena o AR Ee EL VAG Bis tk iayaka ters Se Oe totes sel 1,201.0 1978 
iQ tal er re Mae cis hE Re Selec Me Torco cramer w cies s slaure ache eae os Soe ete costae teks 98,519.8 


1 Includes units in operation, under construction, and on order as reported in AEC public announcement giving status 
of units as of June 30, 1971. Since then, some of the earlier scheduled dates for initial operation show additional delays. 


* Numbers correspond to those on figure 6.1. 
3 Site not selected, and not shown on figure 6.1. 


placed in service to meet the projected schedule 
of nuclear power installations through 1990, are 
shown graphically on figure 6.4. The heavy or- 
dering in 1967 reflected, among other things, the 
rush by utilities to obtain a priority position in 
an overloaded manufacturing industry. Recent 
increases in costs of fossil fuels and ever-increas- 
ing restrictions on the quality of fuels which 
may be used for electric power generation are 
expected to accelerate the swing toward the 
scheduling of more nuclear power plants. Figure 
6.4 was prepared on the basis of a six-year pe- 
riod between nuclear commitment and the in- 
service date. Currently, most systems consider 
seven years a more reasonable allowance because 
of the many environmental, regulatory, con- 
struction, and labor problems which may be en- 
countered. A recent court decision (see next sec- 
tion) with respect to added environmental 
analyses as a part of licensing reviews, could fur- 
ther extend nuclear plant lead times, at least in 
the short term. Nevertheless, while it is believed 
that, on the average, six years should be ade- 
quate, current reviews and delays are drastically 
affecting prospective schedules. 


Regulation 


Nuclear plants are subject to Federal, State, 
and local regulation, with State and local reg- 
ulation primarily concerned with zoning, waste 
disposal, and thermal effects, and Federal reg- 
ulation concerned with matters related to the 
National Environmental Policy Act of 1969 and 
with nuclear safety under the Atomic Energy 
Act. Construction and operation of nuclear 
plants in the United States are regulated by the 
AEC through licensing. The safety record of the 
nuclear power industry is excellent to date and 
this is certainly due in part to the strict licen- 
sing requirements. 


Plant Licensing 


Construction Permit 


A utility proposing to build a plant is re- 
quired to file with the AEC an application for a 
construction permit and include a preliminary 
design of the nuclear facility, a Preliminary 
Safety Analysis Report (PSAR), and an envi- 
ronmental impact statement. These assess the 
proposed site with respect to population centers, 
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Figure 6.2 


topography, meteorology, hydrology, seismology, 
and geology, and overall effect on the ecology. 
This information is reviewed by the AEC 
staff, the Advisory Committee on Reactor Safe- 
guards (ACRS), and other regulatory agencies. 
If found satisfactory, a public hearing by an 
Atomic Safety and Licensing Board is held. A 
construction permit may then be issued. ‘The 
time required for this procedure is now about 
20 months. Permanent plant construction may 
not begin without this permit, unless a waiver is 
granted for specific work. 


Operating License 


The Final Safety Analysis Report is submitted 
to the AEC while construction of the nuclear fa- 
cility is under way, but after the major design 
details are available and the associated research 
and development is completed. Following fur- 
ther review by the AEC staff and ACRS, includ- 
ing presentation of evidence that the plant has 
been designed and constructed as described, and 
after a public hearing is held if requested, an 
operating license is issued. 


The AEC has proposed an amendment to the 
Atomic Energy Act to remove the mandatory re- 
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quirement for a complete review at the opera- 
ting permit stage, in an attempt to simplify the 
licensing process. However, in September 1971, 
the AEC expanded its licensing procedures to 
include consideration of all environmental fac- 
tors, non-nuclear as well as nuclear, in compli- 
ance with the provisions of the National Envi- 
ronmental Policy Act of 1969, as interpreted by 
the United States Court of Appeals in the Cal- 
vert Cliffs case. 

The licensing requirements for nuclear 
facilities are detailed, lengthy, and stringent. 
With plant standardization, more experienced 
personnel, additional codes and standards, and 
fewer design changes during construction, it 
may be possible to expedite the licensing proce- 
dure without compromising public health and 
safety. Growing environmental concern, how- 
ever, militates against any reduction in the time 
required for obtaining all the necessary Federal, 
State, and local licenses and permits for the con- 
struction of a major nuclear facility. 


Operator Licensing 


The AEC requires the licensing of personnel 
who operate a licensed nuclear facility. “Two 
grades of licenses are issued, Operator and Sen- 
ior Operator. Both require detailed written and 
oral examinations on many aspects of nuclear 
plant operations. For a Senior Operator’s li- 
cense, a more thorough knowledge of the basic 
nuclear processes, reports, and administrative 


Figure 6.3—Niagara Mohawk Power Corporation’s Nine 
Mile Point plant on Lake Ontario in New York. The 
visitors’ center and recreational area are shown in the 
foreground. 
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Figure 6.4 


procedures is required. Satisfactory physical ex- 
aminations are mandatory. 

An Operator must be at the controls of the 
reactor at all times, and it is generally required 
that a Senior Operator be present at the facility 
at all times. By 1975, some 600 persons per year 
will be receiving operator or senior operator li- 
censes, and by 1990, the number will probably 
be several thousand per year. 


Nuclear Insurance 


The Price-Anderson Act of 1957 requires that 
a utility owning a nuclear plant carry a fixed 
amount of liability insurance. The private in- 
surance industry will provide up to $82 million 
in public liability insurance. ‘The Federal Goy- 
ernment provides the additional coverage up to 
a limit of $560 million. Both conventional lia- 
bility insurance and property insurance for dam- 
age to the nuclear plant itself must also be pro- 
vided by the utility. There is a $100 million 
limit on the latter coverage by the worldwide 
private insurance market. With a continuing fa- 
vorable loss record, this limit might be increased 
and be available at lower cost. 


Types of Reactor Systems in Service 
and Being Built 


With one exception, the power reactors now 
in operation and being built are of the “ther- 
mal” classification in contrast to “fast’’ reactor 
concepts. Thermal reactors employ moderating 
materials to slow the neutrons before the major- 
ity of fissions occur, whereas in fast reactors 
most fissions are produced by neutrons with 
much higher speeds or energy levels. The latter 
approach, while technically more difficult, will 
utlimately provide the capability of utilizing a 
much greater portion of the potential energy in 
the uranium and thorium ores. Light water re- 
actors of the pressurized water and_ boiling 
water types are the principal thermal reactors 
now being constructed and planned in this 
country. These types are described briefly in the 
following sections. 


Pressurized Water Reactor 


The first full-scale application of nuclear 
power exclusively for steam-electric generation 
in the United States was the pressurized water 
reactor (PWR) at Shippingport, Pennsylvania, 
a 90-megawatt installation placed in service in 


1957. Subsequent pressurized water reactors have 
the same basic plant cycle but significant im- 
provements in design have been made. 

In the PWR system, water at some 2,000 psi 
serves as both moderator and coolant as it passes 
through the reactor core where heat from the 
fuel elements is absorbed. The heated water 
then passes to a separate heat exchanger (steam 
generator) where saturated or slightly super- 
heated steam is produced on the secondary side. 
This steam drives the turbine and connected 
generating unit. Radioactivity is confined to the 
primary side of the steam generator so that the 
turbine steam system is not radioactive. Net 
plant thermal efficiencies are on the order of 33 
percent. 

Fuel in present-day PWR systems is in the 
form of slightly enriched uranium dioxide pel- 
lets containing some 3 percent of the U-235 iso- 
tope of uranium. The fuel is fabricated in bun- 
dles of tubes of zirconium alloy some 12 feet 
long. Control rods replace some of the fuel rods 
in selected bundles, and further control is 
achieved through the use of boric acid added to 
the primary water. 


Boiling Water Reactor 


The second full-scale application of nuclear 
power for steam-electric generation in this coun- 
try was the boiling water reactor (BWR) at 
Dresden, Illinois, a 200-megawatt unit (designed 
for 180 MW) placed in commercial service in 
1960. As each subsequent BWR has been con- 
structed, refinements and improvements have 
been made. 

In the BWR’s, steam is generated directly in 
the reactor core as water is circulated through it 
at a pressure of approximately 1,000 psi. After 
passing through mechanical steam separators 
and dryers within the reactor vessel, the satu- 
rated steam is piped directly to the turbogenera- 
tor. With this direct steam cycle arrangement, 
some radioactivity will be present in the steam. 
This requires some shielding of the turbine and 
other heat cycle components. 

Fuel rods are similar to those of the PWR al- 
though they are larger in diameter and fewer 
rods are required for each bundle. They have 
an enrichment of about 2.5 percent uranium 
235. Cruciform control rods containing boron 
are usually inserted between each group of four 
fuel bundles. Further control is often achieved 
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through the use of consumable neutron absorber 
material inserted into the fuel rods. The water 
removed in the mechanical steam separators and 
dryers along with a portion of the reactor cool- 
ant inventory is recirculated through the core 
using a combination of variable speed and jet 
pumps. The power output of the reactor is reg- 
ulated by both rod movement and changes in 
the recirculation flow rate through the core. 

Long-term fuel performance of the two types 
of light water reactors is comparable. 


Nuclear Fuels 


At present, ownership of nuclear fuel material 
is in transition from the Government to the pri- 
vate sector. Prior to January 1, 1969, the utili- 
ties leased special nuclear material from the 
Atomic Energy Commission (AEC), paying a 
charge for its use and for depletion and losses. 
On January 1, 1969, the AEC initiated toll-en- 
richment of uranium owned by utilities or fuel 
suppliers. During the following two years a util- 
ity could either lease AEC-owned enriched ura- 
nium or supply to the AEC natural uranium it 
had procured and converted to uranium hexa- 
fluoride for enriching of the U-235 isotope. On 
January 1, 1971, the AEC discontinued new fuel 
leases. Special nuclear material previously leased 
can remain under lease until June 30, 1973, by 
which time it must be converted to private own- 
ership. 

The long-term effect that private ownership 
will have on nuclear fuel costs remains to be 
shown. The AEC formerly paid higher than 
worldmarket prices for natural uranium to en- 
courage exploration. Further, the buy-back of 


Figure 6.5—Two 809-MW units under construction at 
Commonwealth Edison Company’s Dresden plant. 


Figure 6.6—Technicians prepare uranium fuel bundles 
for loading at Niagara Mohawk’s Nine Mile Point gen- 
erating station. The fuel core in the power plant’s 
reactor contains 115 tons of uranium oxide pellets 
encased in 532 of these vertical bundles. Each bundle 
contains 49 fuel rods. Heat from the fission process 
boils more than six million pounds of water per hour 
into high-pressure steam. 


plutonium produced in civilian nuclear power 
plants at a guaranteed price by the AEC was 
discontinued on December 31, 1970, and _ its 
value will depend to a large extent on how well 
the private market utilizes plutonium to fulfill 
the needs of advanced reactor types, or for recy- 
cle as fuel in PWR and BWR plants. 


Fuel Requirements and Supply 


Although the nuclear power industry is 
young, there is a long range concern that the 
limited supply of uranium ore will be expended 
on thermal reactors which presently convert less 
than 2 percent of the fuel’s latent energy to 
electricity. Uranium ore is the only material 
that occurs naturally as fissile material. The 
amount of U,O, required for diffusion plant feed 
increases from about 7,500 short tons per year 
in 1970 to an estimated 40,800 tons in 1980 and 
127,000 tons in 1990, assuming no recycle of 
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plutonium. To lessen this drain on limited ura- 
nium reserves, it is planned to use the fissile 
plutonium-239 or uranium-233 isotopes pro- 
duced by the irradiation of uranium-238 and 
thorium-232 as feed material for other power re- 
actors, thereby making for better utilization of 
uranium and thorium resources. In this regard, 
the AEC considers the development of a fast 
breeder reactor, which produces more pluton- 
ium-239 fuel than it consumes, to be its highest 
priority civilian nuclear power project. 

Figure 6.7 illustrates how the introduction of 
fast breeders would cause the overall require- 
ments for uranium to decline as the breeders as- 
sume the major role in nuclear power. 


Fuel Cycles 


In contrast to the relatively simple steps of 
extraction, processing and combustion of fossil 
fuel, the complete nuclear fuel cycle involves a 
long period of time, includes many operations 
both before and after fuel usage, and requires a 
high inventory level throughout the fuel cycle. 
The following paragraphs discuss the types of 
fuel cycles currently in use and projected for the 
next two decades. These are the uranium fuel 
cycle, the thorium fuel cycle, and the plutonium 
fuel cycle. A diagram of a nuclear fuel cycle is 
shown in figure 6.8. 


Uranium Fuel Cycle 
All processes in the uranium cycle, except the 
enriching process and the conversion of re- 
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covered fuels to nitrate form, are currently 
available from one or more private suppliers. 

Head-End Processes. Although some countries 
use natural uranium in their power reactor pro- 
grams, enriched uranium is used in the United 
States. Enrichment results in fewer constraints 
on design, more compact cores, longer fuel life, 
and economic recovery of the plutonium dis- 
charge. 

Beginning with the uranium ore concentrate 
(U,;Os) , or yellowcake, the uranium is converted 
to uranium hexafluoride gas (UF,). This is 
then delivered to one of the AEC’s three gas- 
eous diffusion plants where the amount of ura- 
nium U-235 isotope content is increased or “en- 
riched” from less than one percent to whatever 
degree of enrichment is desired, usually about 
two to three percent. 

Fuel Fabrication. After the uranium hexa- 
fluoride has been enriched to the desired degree, 
it is converted into uranium dioxide (UO,) 
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powder and fabricated into fuel assemblies. Fab- 
rication is a major component of the overall 
fuel cycle cost. 

Irradiation in Reactor. Unlike fossil fuel, nu- 
clear fuel is not consumed uniformly. ‘The rate 
of uranium depletion depends upon the loca- 
tion of the fuel within the reactor core. This 
complicates the fuel loading and replacement 
patterns. These patterns have undergone consid- 
erable evolution as the nuclear industry has de- 
veloped. 

The original concept of complete fuel replace- 
ment at each refueling shutdown simplified fuel 
replacement but was uneconomical because 
some of the fuel being replaced was largely 
unexpended. To achieve more uniform and 
more complete fuel burnup, loading patterns 
were developed incorporating fuel with differing 
enrichments. These patterns required multiple 
calculations for each refueling of the reactor to 
achieve most advantageous relocation and re- 
placement. 

Other patterns were developed utilizing a sin- 
gle enrichment feed material and a form of fuel 
shuffling or rearrangement. In this process, at 
each refueling shutdown, spent fuel is removed 
from the central zone, fuel in outer zones is 
moved inward, and new fuel is inserted in the 
outer zones. This pattern simplified fuel calcula- 
tions but introduced a further complication. 
During the first several years of production, the 
central zone necessarily had to be removed be- 
fore it could attain the desired level of fuel de- 
pletion. This resulted in high fuel costs for the 
first several years of operation. More complex 
zone patterns coupled with varying enrichment 
levels are presently being designed into new 
units to minimize these costs. As more experi- 
ence is gained, core design and operation should 
continue to improve. Control rod arrangements 
also affect fuel consumption rates, and comput- 
ers are being used to assist in selecting control- 
rod patterns to optimize core performance and 
economy. 

Tail-End Processes. Spent fuel contains 30 to 
50 percent of the original fissile uranium as well 
as fissile plutonium produced in the reactor. Re- 
processing concentrates the radioactive waste for 
disposal and recovers the uranium and _ pluton- 
ium so they can be recycled. Reuse of these fuel 
materials is essential for fuel cycle economy, rep- 
resenting significant savings unless the compar- 


able costs of disposal and reprocessing should 
markedly change. 

The possible recovery of additional isotopes 
of such elements as neptunium, cesium, stron- 
tium, cerium, americium, promethium, and 
curium may serve to reduce the reprocessing 
costs. The volume of the remaining radioactive 
wastes is reduced by evaporation, and the solu- 
tion is neutralized and stored in buried tanks in 
accordance with strict government regulations. 
A policy providing for conversion of these 
wastes to an acceptable solid form and shipment 
to a Federal Repository for permanent custody 
has been announced by the AEC. 

Although the cost of shipping spent fuel is 
quite high, it is a small part of fuel cycle costs. 
Spent fuel discharged from reactors is highly ra- 
dioactive and must be transported to the reproc- 
essing plant in shielded containers. The con- 
tainers are constructed primarily of lead 
surrounded by steel casing and are designed to 
withstand severe impact and fire without allow- 
ing spent fuel material to escape. 


Thorium Cycle 


The thorium cycle is similar to the uranium 
cycle except that the feed material is a mixture 
of thorium and uranium with a very high U-235 
isotope content. Neutrons produced by fission- 
ing of the uranium in the power reactor convert 
thorium to fissile uranium-233 which is a better 
fuel than the original uranium-235. After reproc- 
essing, the fissile uranium is used to enrich re- 
placement fuel. The thorium cycle has been 
used successfully in light water reactors and is 
projected for possible use in advanced converter 
reactors, but it would require establishment of a 
complete thorium fuel processing and recovery 
cycle. 


Plutonium Cycle 


While plutonium is a product of the uranium 
cycle, the use of plutonium as a principal fuel 
material awaits development of the fast breeder 
reactor. Plutonium will be recycled in light 
water reactors until breeders are available, at 
which time it is expected to have economic su- 
periority as a breeder reactor fuel. 


Fuel Management 


Fuel management encompasses all economic, 
technical, and scheduling decisions related to 
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nuclear fuel throughout the entire nuclear fuel 
cycle. During the early application of nuclear 
reactors to power generation, many utilities did 
not have the expertise to assume major fuel 
management responsibility and it was largely 
delegated to the fuel supplier. Now the situa- 
tion is changing and some utilities are building 
nuclear staffs whose major concern is optimiza- 
tion of the fuel cycle. In the future, it is ex- 
pected that the utilities will assume more of the 
responsibility for fuel management. Regardless 
of how the responsibility is divided, close coop- 
eration between the fuel supplier and the utility 
is required. 


Nuclear Plant Costs 


Capital Costs 


The nuclear electric power industry is based 
on a new and dynamic technology to which our 
future power supply is being committed at an 
unprecedented rate. The amount of nuclear ca- 
pacity in the future will be determined largely 
by the competitive position of nuclear power 
with respect to comparative environmental fac- 


Figure 6.9—TVA’s Browns Ferry Nuclear Plant will have 
three units, each with an electrical generating capacity 
of 1,152 megawatts. 


tors, the cost of fossil-fueled plants, and the 
availability and costs of fossil fuels that can be 
burned under stringent air quality standards. 

The estimated capital costs of a 1,000-mega- 
watt light water reactor plant increased from 
about $135 per kilowatt in March 1967 to about 
$220 per kilowatt by June 1969, and to $300 or 
more by early 1971. Lengthening construction 
schedules, higher interest rates, new and more 
stringent operating and safety codes and stand- 
ards, changes in regulatory requirements, cool- 
ing water temperature restrictions and other en- 
vironmental factors, and increased costs of 
equipment and labor all have had most signifi- 
cant effects. Except for possible effects of infla- 
tion, future capital costs per kilowatt should 
decrease to reflect economies inherent in stand- 
ardization of components, advances in technol- 
ogy that result in increased reactor power density 
or decreased fuel fabrication costs, and the econ- 
omies of scale that will accompany continuing 
increases. in unit size. It is possible that technol- 
ogy will be available to construct units in sizes 
approaching 3,000 megawatt by 1990. 

Nuclear plants have higher capital costs than 
fossil-fueled plants. The higher capital costs, 
however, tend to be offset by lower fuel costs. It 
is important, therefore, to operate nuclear 
plants at high plant capacity factors to achieve 
competitive total energy costs. 

The long periods now required for licensing 
and construction of nuclear electric generating 
capacity present a serious challenge to both gov- 
ernment and industry. Early decisions on envi- 
ronmental factors, prompt licensing, and the 
shortest possible construction schedule would re- 
duce capital costs. 


Nuclear Plant Efficiencies 


The cycle efficiencies of current light water re- 
actor plants are considerably lower than for 
modern fossil-fueled generating plants. The net 
heat rates of light water reactors are usually in 
the range of 10,000 to 11,000 British thermal 
units per kilowatt hours. Improved designs, in- 
cluding slightly superheated steam, one or more 
stages of reheat, and better moisture separation 
in the turbine cycle, will improve the heat rates 
of light water reactors—possibly as much as 5 
percent. For those plants using cooling towers, 
however, increased condenser back pressures will 
tend to degrade heat rates. 
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High temperature gas-cooled reactors and 
other advanced concepts with improved steam 
conditions will have net plant heat rates on the 
order of 8,200 to 8,600 British thermal units per 
kilowatt hour. 


Nuclear Fuel Costs 


Nuclear fuel cycle costs are influenced by 
many complex operations, most of which are ex- 
ternal to the reactor itself. These include costs 
of mining, milling, conversion, shipping, enrich- 
ment, fabrication, and reprocessing. 

The capital cost of a nuclear fuel charge for a 
1,000-megawatt nuclear plant will be in the 
order of $25 to $35 million, and the carrying 
charge throughout the fuel cycle for an inves- 
tor-owned utility could be about one-third of 
the total fuel cost. The raw material for nu- 
clear fuel must be purchased one to two years 
before it begins to produce energy. After re- 
moval from the reactor, the spent fuel must be 
cooled three to six months before reprocessing. 

The government had a guaranteed purchase 
price program for U,O,, which, however, is 
being phased out. Therefore, prospecting is now 
based on the expectation of commercial de- 
mand. In response to the surge of nuclear orders 
in the late 1960's, there has been intensified ex- 
ploratory drilling which increased reserves, en- 
sured competition, and stabilized ore prices. 
The conversion of U,O, to uranium hexafluor- 
ide (UF,) is a minor part of the fuel cycle cost, 
and two privately owned plants in the United 
States can now perform this function. Fuel en- 
richment can be accomplished only in govern- 
ment-owned plants at the present time. The cost 
is about 40 percent of the total fuel cost (not 
considering fuel inventory carrying charges) . 

Fuel fabrication costs are almost as large a 
part of total fuel costs as the enrichment costs. 
Future savings are expected from process and 
technological improvements and from handling 
larger quantities, but there will be higher costs 
in handling the more toxic plutonium fuels. 
There is incentive for firms other than nuclear 
steam system suppliers to engage in reload fuel 
fabrication by the mid-1970’s, when the number 
of reload batches becomes significant. 

The costs of reprocessing spent fuel to extract 
fertile and fissile material are moderate but will 
be higher for advanced reactors because of the 
higher levels of radioactivity. The cost of per- 


manent storage of radioactive wastes must be in- 
cluded in fuel costs determinations. The cost of 
shipping new fuel from the fabrication facility 
to the generating station and the highly radioac- 
tive spent fuel to the reprocessing facility is 
nominal, although the cost of shipping the 
spent fuel is some six or seven times that of 
shipping the new fuel. 

Projections of total fuel costs in mills per 
kWh for various types of reactors, prepared by 
the EEI Reactor Assessment Panel in 1970, are 
listed in table 6.2. It should be noted that sev- 
eral factors other than the direct cost compo- 
nents may have a significant effect on total fuel 
cycle costs. Examples are the value of recycled 
bred plutonium as a water reactor fuel and the 
rate of introduction of fast breeder reactors. It 
is significant that fuel cycle costs for the fast 
breeders are projected to be considerably lower 
than other types in spite of higher fabrication 
costs. 

The values in table 6.2 are in the Panel’s 
forecast of 1975 dollars (and not in the 1968 
dollars as are most of the other cost figures in 
this report) and include all effects on costs (ex- 
cept inflation beyond 1975) anticipated by the 
panel. For the light water reactor, fixed costs 
were assumed by the panel for: ore ($8.00 per 
pound), enriching ($26 per kg-unit of separa- 
tive work) , plutonium ($7.50 per g) , fabrication 
($70 per kg U), and shipping and reprocessing 
($45 per kg U). Fuel costs were levelized over 
the first ten years of operation. An 80 percent 
lifetime capacity factor was assumed and finan- 
cing rates assumed were 7 percent per year cost 
of money and 14 percent per year total fixed 
charge rate. ‘he estimates for the other reactor 
types are on a comparable basis. 

The Survey’s projections of the 1990 fuel 
cycle cost of nuclear power (LWRs) is given in 
chapter 19 as 1.6 mills per kilowatt-hour, in 
1968 dollars. With current inflation rates that 
cost expressed in 1975 dollars would be on the 
order of 2.2 mills per kilowatt-hour. The higher 
Survey projection, as compared to the EEI 
projection, reflects the Survey’s expectation of 
constant-dollar cost increases for uranium ore, 
reprocessing and fabrication, resulting from 
both high demand and environmental protec- 
tion requirements. 

The plutonium produced in one year from a 
1,000 megawatt light water reactor would have a 
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value of approximately $2 million assuming a 
plutonium value of $9 to $10 per gram. It may 
be 20 to 25 years before there will be enough 
breeder reactors to use all the plutonium that 
will be produced in light water reactors and it 
is anticipated that the excess will be recycled in 
light water reactors. Utilization of plutonium in 
breeder reactors expands the potential of nu- 
clear fuel reserves by several orders of magni- 
tude. This is one of the primary justifications 
for developing the breeder reactor. 


Operation and Maintenance Costs 


Estimated base load operation and mainte- 
nance costs for light water reactor plants of var- 
ious capacities are shown in figure 6.10. These 
costs include all fixed and variable components 
of maintenance, supplies and expenses, operat- 
ing labor, and nuclear insurance. 


Quality Assurance 


Plant systems and components are classified 
according to their importance with regard to 
safety and are designed, fabricated, inspected, 
and installed in accordance with applicable pro- 
visions in recognized codes. Quality can be as- 
sured only if sound engineering specifications 
and good practices are followed by manufac- 
turers, contractors, and owners. 

Nuclear economics may be adversely affected 
if it is not possible to develop major compo- 
nents so that they can be inspected on line or 
with minimum shut-down periods. Designers of 
nuclear power plants strive to lay out plants 
and design equipment that can be readily in- 
spected and tested with little or no shutdown, 
and with minimum hazard to the staff. 


TABLE 6.2 
Fuel Cycle Costs for a 1,000-MW Plant! 


Charge Date Reactor Type Fuel Cycle Costs 
Mills/kWh 
LOIS RRs .2 ees LWR L.7-1.9 
1980so5. omit LWR 1.5-1.7 
LOGS 0. Nene 2 ee LWR 1.4-1.6 
1990 sy vicuer sacieve.s LWR 1.4-1.6 
L980 Gee eitet conc HTGR 1,.2-1.4 
L990 eset te ee HTGR 1.0-1.2 
LOB 71990 Foe oss LMFBR 0.6-0.9 


1 From Report of the EEI Reactor Assessment Panel, 
April 1970. In 1975 dollars. 
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Plant Operations 


Plant Availability 


The on-line availability of nuclear generating 
facilities is a most important matter, since units 
out of service not only affect reliability and the 
adequacy of power supply but also may require 
the purchase of costly replacement energy. It is 
important to achieve a high plant availability. 

Table 6.3 lists for the 10-year period, 
1961-1970, the percent availability by years of 
nuclear plants in the United States which had 
been in operation prior to January 1, 1968. The 
earlier plants required long outages for refuel- 
ing, but, generally, the time for refueling out- 
ages has been decreasing. This can be attributed 
to better techniques, better tools, improved fuel 
design, and easier access to the core. Estimates 
of refueling and scheduled maintenance time 
now average from one to two months a year. 
Refueling and normal maintenance are often 
performed simultaneously. Plant down-time for 
equipment inspection and material surveillance 
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TABLE 6.3 


Commercial Nuclear Reactor Availability Factors 


Availability Factor in Percent ! 


1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 


Dresden 205 sisson enrens: 40 81 81 
Yankee (Rowe): @.c eee 87 68 79 
Indian. Point, c4vtacc. «so wralas oe herent 61 71 
Big’ Rock¥Pomt* 7. pee nei ac reeds horas 48 
SHIPPINGPOrt ny. eee nays eee 80 88 89 
HumboldtiBayri sti us saat gene see sister ie 83 


Sart, Onoireataiscataie te ccbatette ess bre eee NCR IR Ie eee 


83 83 97 60 67 67 97 
91 76 90 O2 88 83 85 
48 64 68 81 92 93 27 
43 30 75 90 81 92 86 
0) 0 96 97 99 a7 99 
89 80 89 oi 93 90 88 
io hahaa Seunmeiomes Meee 63 44 tk) 84 
Sad tivet.a 6 aaa a teres 81 91 94 81 


1 Availability factor = percent of year reactor was available to produce power. 


is increasing due to regulatory agencies placing 
increased emphasis in this area. This tends to 
justify further design and engineering improve- 
ments to minimize inspection time. 


Loading of Generating Units 


The annual plant factor of nuclear-fueled 
plants should be rather high in order to realize 
maximum benefits from their low incremental 
production costs. As more efficient nuclear 
plants are added, the first nuclear plants will be 
operated at decreasing annual plant factors. 
Some nuclear plants after the initial break-in 
period may be operated at annual plant factors 
of about 80 percent during the initial years of 
their service lives, depending on system load 
characteristics and the composition of other gen- 
erating capacity. Over their lives, however, it is 
anticipated that few plants will be operated at 
average annual plant factors as high as 70 per- 
cent. 

Operating experience with present nuclear 
plants indicates they are able to handle load 
swings without difficulty. The high temperature 
gas reactor and liquid metal fast breeder plants 
now being designed with steam conditions 
similar to modern fossil-fueled plants should 
also have good load following characteristics. 


Performance During System Disturbance 


Nuclear units are not designed for continuous 
low-capacity operation. However, by providing 
an appropriate control system, the load on a 
unit may be reduced from full load to station 
service load. This may be of increasing signifi- 
cance since core output power can be main- 


tained at low levels, permitting the unit to re- 
sume normal operation in a much shorter time 
than a large fossil-fueled unit. 

Nuclear plant safety systems are so designed 
that a unit can be shut down quickly and safely. 
Core decay heat can be removed by various 
methods using power from independent on-site 
generation or from other sources. On-site gener- 
ation usually consists of automatically starting 
diesel engines. To operate all equipment essen- 
tial to the safe shutdown of a plant with 1,000- 
megawatt reactors, a diesel generator unit of 
about 2.5 megawatts would be required for each 
nuclear unit, plus one or more spare units. 


Figure 6.11—A total of 16,000 tons of reinforcing steel 
will be installed in the 1,060-MW Unit No. 1 of 
PG&E’s Diablo Canyon plant. 
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Computer Applications in Nuclear 
Plant Operation 

Computers are being used extensively at nu- 
clear plants for data logging, data reduction, 
and for on-line core nuclear analysis. ‘The com- 
plexity of operating parameters at nuclear facili- 
ties requires the help of a computer for rapid 
and complete assessment of the status of the 
plant. Improvements in computer hardware de- 
sign and ability may be required before wide- 
spread use of the computer is practical for di- 
rect digital plant control. 


Personnel Requirements 

A staff of 50 to 75 is now required for the 
operation, maintenance, and on-site technical 
support of a single unit nuclear plant and 75 to 
100 are needed for a two-unit plant. Manning 
requirements depend largely on the extent of 
maintenance performed by organizations outside 
the plant. There is a wide variation in person- 
nel requirements among companies depending 
on the organization structure. The unit size 
does not have an appreciable effect on the num- 
ber of persons required. 

The total number of on-site personnel re- 
quired to operate nuclear power plants in the 
United States will increase from an estimated 
2,100 in 1970 to over 20,000 in 1990. These esti- 
mates do not include maintenance personnel re- 
quired to repair major equipment failures. Of 
the total personnel, approximately 45 percent 
are plant operators, 25 percent perform mainte- 
nance, and the remainder provide management, 
engineering, and other services. 

The number of persons performing manage- 
ment and technical support of nuclear power 
plants at an electric utility headquarters will 
vary widely depending on the extent of utility 
involvement in nuclear power, utility policy re- 
garding the performance of certain functions 
in-house or through contractors, and the joint 
support of central nuclear technical staffs by 
groups of utilities. Estimates of the total num- 
ber of utility headquarters-based nuclear-ori- 
ented personnel required by 1990 range from 
3,000 to 6,000. . 


Training of Personnel 
Persons with nuclear skills can be obtained 
from those colleges and universities which have 
graduate and undergraduate training programs 
and from technical institutes. Personnel may 


Figure 6.12—This 825-ton nuclear reactor vessel for the 
Browns Ferry plant is being prepared for shipment. 


also be developed by special training of existing 
or new utility employees. In any case, a compre- 
hensive training program is required. 

An electric utility may spend over $1 million 
in training costs to prepare personnel for the 
operation of a nuclear plant. It is mandatory 
that employees be trained in numerous techno- 
logical areas, particularly nuclear safety, to meet 
licensing requirements. At various training cen- 
ters computers are being used for plant simula- 
tors in training and retraining operators. 
Training required for various categories of util- 
ity employees involved in nuclear operations is 
summarized below. 

The training of management and headquar- 
ters personnel is usually on a part-time basis 
and can involve nuclear seminars, graduate level 
courses, programs by industrial organizations, 
and assistance by consulting organizations. 

Supervisors, senior operators, and usually a 
few junior operators are examined for licensing 
by the Atomic Energy Commission prior to ini- 
tial operation of the nuclear plant to which 
they will be assigned. Licensing of most junior 
operators, however, generally takes place after 
they have accumulated experience in operating 
the plant under direct supervision of the li- 
censed senior operators and supervisors. 


Nuclear Power Environmental 
Considerations 
Siting Criteria 
The safety of the public is a primary concern 
in locating nuclear plants but many other fac- 
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tors also influence their location, design, and op- 
eration. Since nuclear fuel transportation costs 
are small, nuclear plants can be most advanta- 
geously located near load centers to minimize 
transmission distance and maximize reliability. 
However, as a precautionary measure, nuclear 
plants normally are not located near dense pop- 
ulation concentrations. Nuclear plants should 
have good accessibility for large and heavy com- 
ponents by heavy duty highway, railroad, or 
barge route to facilitate construction and servic- 
ing. Recently, procedures for on-site fabrication 
of the reactor vessel of BWR’s have been devel- 
oped to alleviate the transportation problems. 
The availability of adequate cooling water is an- 
other principal factor in selecting a nuclear site. 


As a part of, and in addition to, the detailed 
plant safety analysis discussed later, the AEC 


considers numerous environmental factors in re- 
viewing the acceptability of a proposed nuclear 
plant site. Population densities at varying dis- 
tances from the plant are evaluated in relation 
to the capacity and type of the proposed instal- 
lation, as well as the containment system and 
engineered safety features to be used. Thorough 
examination of pertinent seismological and geo- 
logical factors is required. The plant must be 
designed to withstand the largest probable 
earthquakes. The effects of possible flooding due 
to unusual weather conditions, tidal waves, dam 
failure, etc., are considered. Meteorology also 
plays a role in the site consideration, as wind 
and weather patterns affect the permissible re- 
lease rate for gaseous effluents. 


There have been proposals to place nuclear 
plants underground in urban locations to mini- 


Figure 6.13—Steam generator for 841-MW Unit No. 1 of Duke Power Company’s Oconee station in South Carolina 
weighs 570 tons and is 73 feet long. 
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mize transmission distances, conserve valuable 
surface area, and enhance safety. Several small 
nuclear plants have been placed underground 
in Europe, taking advantage of local geologic 
features. However, this siting approach is not 
widespread. Another potential solution to the 
siting problem in metropolitan areas along the 
coast is to locate plants offshore on islands, on 
the sea floor, under the continental shelf, or 
on floating platforms. 

The appearance of generating stations is be- 
coming more important because of the growing 
public awareness of esthetic values. Nuclear 
plants can be architecturally as pleasing to the 
eye as other large structures. 


Effects on Water Resources 

Due to the lower thermal efficiency of present 
nuclear plants, as compared with fossil-fueled 
plants, and the resultant rejection of more heat 
to the cooling water per unit of power pro- 
duced, the potential effect of this heat on 
aquatic life is receiving considerable attention. 
This problem is discussed in more detail in 
chapter 10. 


Reactor Safety 
Development of Radiation Standards 


In the United States, the Federal Radiation 
Council (FRC) 1 has provided guidance in the 
development of radiation standards for all exec- 
utive agencies of the government. The principal 
functions of the Council were to advise the Pres- 
ident on radiation protection matters and to 
coordinate radiation protection within the 
Executive Branch of the government, especially 
with respect to uniformity of radiation protec- 
tion standards and Federal-State cooperation. 
The recommendations of FRC were developed 
with the assistance of appropriate Federal agen- 
cies, the National Academy of Sciences, the Na- 
tional Council on Radiation Protection and 
Measurements, and consultants selected for ex- 
pertise in various areas. FRC recommended lim- 
its of exposure of the human body to radiation. 
Limits on concentrations of radioactive mate- 
rials in air and water are set so that continuous 
exposure to them by the average person will not 
result in damage to the whole body or any 


1 Established by Executive Order No, 10381 on August 
14, 1959; status confirmed by PL 86-373, approved 
September 23, 1959. 


organ. In 1970, the functions of the FRC were 
transferred to the newly established Environ- 
mental Protection Agency (EPA). 

The AEC’s regulation ?, developed within the 
framework of the FRC recommendation sets 
limits on concentrations and/or quantities of ra- 
dioactivity that may be released to the air and 
water from a nuclear power plant, specifying 
how releases must be controlled and monitored. 

On June 4, 1971, AEC issued a proposed rule- 
making which sets forth new numerical guides 
to keep levels of radioactivity in effluents to un- 
restricted areas as low as practicable. Under 
these proposed guides radioactivity released 
from light-water-cooled reactors would generally 
be less than five percent of average exposures 
from natural background radiation. This level 
of exposure is about one percent of Federal ra- 
diation protection guides for individual mem- 
bers of the public. 

The Advisory Committee for Biology and 
Medicine (ACBM), comprising knowledgeable 
persons from universities and industry, advises 
the AEC on medical and biological research and 
health. The ACBM has concluded that presently 
available data gives an adequate foundation of 
knowledge for setting public safety standards on 
radiation levels and emissions. The committee 
believes that future research will reveal that 
present standards are conservative. 


Safety Protection for Nuclear Reactors 


Reactor safety is assured by systematic evalua- 
tion of the proposed design in terms of ade- 
quacy of systems to control possible accidents, 
by multiple safety reviews by independent 
groups of experts in the AEC licensing process, 
and by a system of surveillance and periodic 
inspection during construction and operation of 
each facility. 

There are three general courses followed in 
the design of a nuclear power reactor. First, to 
assure safety, the major features of the plant are 
designed to insure a very low probability of ac- 
cidents. This is illustrated by the provision of 
successive barriers to the escape of fission prod- 
ucts. Secondly, safety features to prevent acci- 
dents are incorporated, such as emergency 
cooling systems, redundancy in controls and 
shutdown devices, and the provision of emer- 


210 CFR, Part 20, “Standards for Protection Against 
Radiation”. 
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gency power sources. Thirdly, safety systems are 
provided to limit the consequences of any acci- 
dent that might somehow occur. ; 


Radioactivity in Condenser Cooling Water 


Radioactivity in condenser cooling water is 
carefully monitored and regulated in accordance 
with plant licensing requirements and should 
have no significant effect on the environment. 
The EPA monitors, with a network of sampling 
stations, important surface waters in a continu- 
ous evaluation of the physical, chemical, biologi- 
cal, and radiological characteristics. One of the 
radiological effluents of particular interest is trit- 
ium, monitored by 39 of these stations located 
downstream from nuclear facilities. In addition, 
tritium is monitored at 70 public water supplies 
and 8 precipitation collection stations. 


Radioactive Discharges to the Atmosphere 


The quantity of gaseous effluents from a nu- 
clear plant is insignificant compared to the 
amount from a fossil-fueled plant of equal rat- 
ing; however, because nuclear plant effluents in- 
clude radioactive gases, the releases are closely 
regulated and monitored. Radioactive effluents 
may in some cases be held for a few months to 
permit the decay of isotopes before being re- 
leased to the atmosphere under conditions for 
maximum dilution so as to minimize contamina- 
tion. Existing BWR plants emit more gaseous 
radioactivity than PWR’s, although at levels 
far below limits established by the National 
Council on Radiation Protection and Measure- 
ments (NCRP). However, equipment is now 
available to reduce the BWR discharges to the 
levels attained by PWR’s. 

It is not possible to detect by generally ac- 
cepted techniques any biological effect on the 
surrounding population of reactor radioactive 
effluents at the low levels allowed by AEC regu- 
lations. The slight increase in radiation level 
from the radioactive gases released by commer- 
cial reactors is usually so small as to be not 
measurable. In all cases the actual amounts are 
only a small fraction of the natural radiation 
background over an extended period of time 
and have been well within the AEC require- 
ments and FRC guidelines. 

The AEC, EPA, and some states monitor the 
atmosphere in the vicinity of nuclear plants 
to detect any increases in radioactivity levels. 


There are a number of sampling stations across 
the country to detect any radioactivity changes 
in milk. A background of 30 years of experience 
with nuclear facilities has provided extensive 
knowledge about radioactivity, its effects and its 
control, from which to establish a sound base 
for setting standards and permissible concentra- 
tions in the environment. Environmental moni- 
toring will continue to be a valuable aid in as- 
suring that nuclear power does not contribute 
significantly to environmental radiation levels. 


Reactor Waste Management 


All but a very small quantity of the total ra- 
dioactivity produced in a reactor core is re- 
tained in the fuel elements and is eventually re- 
moved from the reactor site as part of the 
refueling operation. After spent fuel is reproc- 
essed, radioactive wastes are stored in appropri- 
ate containers and placed in underground vaults 
under permanent Federal supervision. Essen- 
tially all of the fission products that escape from 
the core into the primary coolant system remain 
within that system. The minuscule amounts that 
escape from the reactor cooling system through 
leakage, or during servicing, are passed through 
a waste treatment system in which the radioac- 
tive portions are separated by such methods as 
ion exchange and evaporation preparatory to 
permanent offsite storage. Of the very small 
amount of radioactive material that remains in 
the dischargeable waste, a combination of delay 
to permit decay and dilution to limit concentra- 
tions reduces the effects on the environment to a 
minimum. 


Figure 6.14—Consolidated Edison Company’s specially 
designed casks, containing spent reactor fuel elements, 
being prepared for shipment to reprocessing plant. 
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Possible Future Reactor Types 


Advanced Converter and Low Gain 
Breeder Concepts 


The promise of better energy conversion ra- 
tios, better economics, and the need to conserve 
fuel resources has led to efforts to develop ad- 
vanced converters. Attention has been concen- 
trated on the high temperature gas-cooled con- 
cept and the seed-blanket light water breeder 
concept. 


High Temperature Gas-Cooled Reactor 


Of the technically feasible advanced convert- 
ers, the high temperature gas-cooled reactor 
(HTGR) has the greatest potential for early 
commercial application. An advanced converter 
can produce more new fissile material than con- 
ventional thermal reactors but not as much as 
“breeders” which will produce more new fissile 
material than is consumed. The first HTGR 
constructed in the United States was Peach Bot- 
tom No. 1 in Pennsylvania, a 40-megawatt unit 
placed in commercial operation in 1967. Con- 
struction is now under way on a second HTGR, 
the Fort St. Vrain No. 1 unit of Public Service 
Company of Colorado, rated at 330 megawatts 
and scheduled for service in 1972. Designs have 
been prepared and orders placed for units of 
1,160 megawatt capacity. 

The HTGR is a graphite moderated thermal 
reactor concept cooled with helium which 
reaches a temperature of some 1,400°F, as it 
passes through the reactor core. The circulation 
of the helium through the steam generators pro- 
duces high pressure steam at a temperature of 
1,000°F. and, with the application of a reheat 
steam cycle, modern fossil fuel plant cycle 
efficiency can be attained. The HTGR, with its 
inherent higher plant efficiency and better rate 
of conversion of fertile to fissile material, pro- 
vides an opportunity for better uranium and 
thorium utilization pending the development of 
breeder reactors. The higher efficiency also re- 
duces heat rejection to the environment to a 
level somewhat below that of modern fossil- 
fueled steam-electric plants. 

Studies are under way on plans to utilize the 
high temperature helium used for cooling the 
HTGR to drive closed cycle gas turbines. Under 
the proposals, the gas turbines would be de- 
signed to produce base load power and would 


Figure 6.15—Fort St. Vrain, the Nation’s first large 
nuclear plant scheduled to utilize a high temperature, 
gas-cooled reactor. It is also the first in the U. S. for 
which a prestressed concrete reactor vessel was used. 


eliminate the steam cycle in the generation 
process. An advantage of the scheme is that 
waste heat would be discharged at high temper- 
atures. ‘his could make possible the economical 
use of dry cooling towers, since relatively small 
volumes of air would be required for waste heat 
dissipation with the large differential above am- 
bient air temperatures. Beneficial uses of the 
waste heat may also be possible, such as for de- 
salinization of water and for space heating. 

The fuel used in an HTGR in the United 
States is in the form of highly enriched (90 per- 
cent U-235 isotope) uranium dicarbide micros- 
pheres covered with coatings of carbon. The fer- 
tile material is coated thorium dicarbide 
microspheres. ‘The Fort St. Vrain core will con- 
sist of graphite prismatic columns having holes 
to contain the fissile and fertile particle fuel 
compacts and coolant channels to permit the 
passage of helium. 


Light Water Breeders 


The thorium-uranium-233 fueled seed-blanket 
light water breeder reactor (LWBR) concept 
offers a potential conversion ratio significantly 
higher than present light water reactors or other 
advanced converters studied by AEC. Some fab- 
rication work has been done on an LWBR core. 
An LWBR does not require major changes in 
light water reactor technology and there are few 
engineering uncertainties in developing a worka- 
ble and reliable system. ‘The LWBR will not 
produce an excess of fissile material for fueling 
additional reactor capacity as rapidly as is pre- 
dicted for a fast neutron breeder system. 
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Figure 6.16—The first of 12 steam generator modules to 
be completed for the Fort St. Vrain station is shown 
being prepared for flow and vibration tests. 


Molten Salt Breeder Reactor 

The MSBR concept, a graphite-moderated 
thermal reactor, uses a fuel-bearing primary liq- 
uid (molten salt) that circulates through a 
graphite core structure where fission takes place 
and heat is generated. As the fluid leaves the 
core, it becomes subcritical and goes through a 
heat exchanger where heat is transferred to a 
secondary heat-transport fluid. The fuel would 
probably be uranium tetrafluoride in a carrier 
mixture of lithium-7, beryllium fluorides with a 
melting point of about 850°F. With a circulat- 
ing fuel system, a side stream would be proc- 
essed continuously, removing bred protactinium 
and fission products and maintaining fuel qual- 
ity so that refueling shutdowns would not be re- 
quired. The secondary heat-transport system 
might use sodium fluoroborate salt as a working 
fluid. The breeding ratio of the MSBR would 
probably be about 1.05,3 with a doubling time ¢ 
of approximately 21 years. 


3 Breeding Ratio — Fissile Material Produced 
Fissile Material Consumed 
4 Doubling time is the time required to produce enough 


excess fissile material to fuel a second reactor. 


Fast Neutron Breeder Reactors 


The successful development of fast breeder 
reactors will make the nation’s reserves of urani- 
um and thorium an almost unlimited source of 
energy for the generation of electric power. 
Breeder development will also have the effect of 
making the use of low-grade ore economically 
acceptable, since breeders will increase fuel utili- 
zation from a few percent in present-day reac- 
tors to over 50 percent in fast breeders. ‘The 
high gain breeders will produce an excess of fis- 
sile material for the fueling of new reactors at a 
rate which may match the 10-year doubling 
growth of the electric industry. The two types 
of fast breeders that are of major interest in this 
and other countries are the sodium-cooled and 
gas-cooled breeders described in the following 
sections. 


Liquid Metal Fast Breeder Reactor 


As with most countries involved in significant 
reactor development programs, the United 
States has chosen the liquid metal fast breeder 
reactor (LMFBR) as its highest priority civilian 
breeder reactor development program. ‘The En- 
rico Fermi sodium-cooled reactor at Lagoona 
Beach, Michigan, was the first privately owned 
fast neutron breeder reactor in the United 
States. This 60.9-megawatt unit reached critical- 
ity in August 1963. It was operated at progres- 
sively higher levels of power output in a 
planned test program until, in 1966, a fuel melt- 
down occurred when several pieces of zirconium 
attached to the conical flow guide broke loose 
and partially blocked four fuel channels. The 
unit was repaired and returned to operation 
and further testing in 1970. 

In the LMFBR, the sodium coolant leaves the 
reactor core at a temperature of about 1,100°F. 
and is extremely radioactive. Heat is transferred 
in an intermediate heat exchanger to a second- 
ary non-radioactive sodium system which, in 
turn, produces steam for the turbine in steam 
generators. A net plant thermal efficiency of ap- 
proximately 40 percent can be achieved. Major 
efforts are being made to develop LMFBR 
plants having a high degree of safety, reliabil- 
ity, availability, maintainability, and economy. 
These objectives are expected to be achieved in 
time to have the first commercial plant available 
to operate by the mid-1980’s. 
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Breeding ratios of about 1.4 are predicted. 
Since an LMFBR would produce more fissile 
fuel than it consumes, a self-sustaining breeder 
fuel cycle can be based on the use of recycled 
Pu with U-238 added as the fertile material. 
Fuel will probably be in pellet form encased in 
stainless steel tubing of smaller diameter than 
the fuel rods for light water reactors. ‘The active 
core of the breeder reactor will be surrounded 
on all sides by a blanket region composed of 
bundles of rods containing uranium oxide de- 
pleted in U-235 isotopic content (enrichment 
plant tailings). The escaping neutrons will be 
absorbed in the U-238 isotope of uranium, 
thereby producing plutonium. 

The LMFBR concept, using sodium as a cool- 
ant, possesses good nuclear characteristics, a 
high boiling point which permits low pressure 
and high temperature operation with resultant 
good thermal efficiency, excellent heat transfer 
characteristics, a large heat capacity, low re- 
quirements for pumping power, and relative 
freedom from corrosion in the absence of air 
and water. The LMFBR promises high breeding 
ratios and a doubling time of some 8 to 10 
years. Disadvantages of sodium are prolonged 
radioactivity after shutdown, chemical activity 
with air and water, and opacity—a disadvantage 
to maintenance. At normal maintenance tem- 
peratures, the coolant solidifies. In addition to 
creating problems during component mainte- 
nance, the subsequent remelting of the coolant 
prior to plant operating requires special pro- 
cedures not required of water and gas cooled 
reactors. 

The AEC has a comprehensive LMFBR Pro- 
gram Plan to develop the required technology 
for design, construction, and operation of safe, 
reliable, and economic fast breeder reactors in 
central station nuclear power plants. A major 
fast neutron test facility is scheduled for opera- 
tion near Richland, Washington, in 1974 to 
help develop nuclear fuel that can withstand 
the high burnup required for economic opera- 
tion of fast breeders. Prototype components are 
tested at the Liquid Metal Engineering Center 
at Canoga Park, California, and the Experimen- 
tal Breeder Reactor-2 (EBR-2) is located at the 
National Reactor Testing Station in Idaho for 
preliminary fast neutron irradiation of fuels and 
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materials. Other reactors will be used to provide 
accurate nuclear data on core criticality and 
safety as well as for economic analyses of various 
cores. 


There are several significant factors to be con- 
sidered in assuring the safety of LMFBR’s. 
These include the effects of high-energy short- 
lived neutrons on materials, the need to prevent 
the possibility of critical reassembly of the fuel 
during core meltdown, the effect of voids that 
might form in the sodium coolant (providing 
increased reactivity) , and chemical reactions in 
case of contamination of the sodium by air and 
water. 


Three industrial groups involving the electric 
utility industry and three reactor suppliers 
signed contracts with the AEC in early 1970 for 
technical and cost studies leading toward pro- 
posals to construct LMFBR demonstration 
plants. ‘The construction of several demonstra- 
tion plants in the 300-500 megawatt range at 
intervals of about two years, with initial plant 
operation beginning in the late 1970’s, is re- 
quired to provide a sound basis for translating 
LMFBR technology to the nuclear industry for 
commercial utilization. Legislation has been 
proposed to increase Federal appropriations for 
financial assistance to the initial demonstration 
plant. Broadly based management and technical 
committees composed of representatives of the 
electric utility industry have been established to 
work with the AEC in developing a program for 
industry support of the demonstration plants. 
Also, President Nixon in his June 4, 1971, mes- 
sage on energy included a commitment to com- 
plete the successful demonstration of the liquid 
metal fast breeder reactor by 1980; and later, in 
September 1971, he announced the intention to 
initiate a second LMFBR unit. 


Gas-Cooled Fast Breeder Reactor (GCFBR) 


The use of helium for cooling in a GCFBR 
offers the possibility of providing good neutron 
economy, doubling times comparable to the 
LMFBR, high temperature, efficiency, and ease 
of maintenance (due to the coolant being low 
in radioactivity, transparent, and chemically 
inert). Disadvantages are the requirement that 
forced circulation be maintained during emer- 
gencies, low heat capacity of the core, the rela- 
tively high pressure, and high pumping power 
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requirements. Reactor pressure would be about 
1,250 psi and gas temperature in the reactor 
about 1,000°F. The fuel would be composed of 
small metal-clad ceramic rods. 

Current designs contemplate enclosing the re- 
actor and steam generator in a prestressed con- 
crete reactor vessel which would be housed in a 


steel-lined concrete containment building. A 
number of electric utilities are supporting 
studies for a demonstration plant to establish 
GCFBR practicality. Conceptual design studies 
have been completed for a 300-megawatt demon- 
stration plant with a net plant efficiency of 
about 38 percent. 
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CHAPTER 7 


CONVENTIONAL AND PUMPED STORAGE HYDROELECTRIC POWER 


Introduction 


Conventional hydroelectric developments use 
dams and waterways to harness the energy of 
falling water in streams to produce electric 
power. Pumped storage developments utilize the 
same principle for the generating phase, but all 
or part of the water is made available for re- 
peated use by pumping it from a lower to an 
upper pool. At the end of 1970, conventional 
hydroelectric capacity totaled 52,3231 mega- 
watts compared to only 3,689 megawatts of 
pumped storage capacity. During the next 20 
years, however, the installation of pumped stor- 
age capacity is expected to exceed greatly the 
installation of new conventional capacity. By 
1990, conventional hydroelectric capacity is ex- 
pected to total approximately 82,000 megawatts 
and pumped storage capacity about 70,000 mega- 
watts. Existing conventional and pumped stor- 
age capacity and projections for 1990 are shown 
by National Power Survey regions on figure 7.1. 

Over the years, hydroelectric plants have pro- 
vided a substantial but declining proportion of 
the nation’s electric power supply. This trend is 
expected to continue despite the construction of 
many large pumped storage plants. Hydroelec- 
tric plants, which now account for 16 percent of 
total generating capacity, are expected to pro- 
vide about 12 percent of the total capacity in 
1990. 


Operating Characteristics 


Hydroelectric power plants have distinct ad- 
vantages over thermal plants. Operation and 
maintenance costs are relatively low, and in 
many instances, the plants can be designed for 
automatic or supervisory control from a remote 
location. The cost of fuel, a major expense in 
thermal installations, is not an item in the oper- 


1Includes 682 MW of industrial capacity. 


ational costs of hydroelectric plants except for 
the consumption of pumping energy at pumped- 
storage plants. Hydroelectric installations have 
long life and low rates of depreciation. Un- 
scheduled outages are less frequent and down- 
time for overhaul is of short duration because 
hydroelectric machinery operates at relatively 
low speeds and temperatures and is relatively 
simple. A hydroelectric unit is normally out of 
service about 2 days per year due to forced out- 
ages and about | to 2 weeks for scheduled main- 
tenance. The average outage rates of modern 
steam-electric units are several times greater. 
The ability to start quickly and make rapid 
changes in power output makes hydroelectric 
plants particularly well adapted for serving peak 
loads, and for frequency control and spinning 
reserve duty. If operating at less than full load, 
they are, in most cases, able to respond very rap- 
idly to sudden demands for increased power. 
Their ability to supply starting power to steam- 
electric plants following a major power failure 
has been demonstrated on several occasions in 
recent years. There are no emissions that would 
affect air quality and there are no heat dis- 
charges to the receiving waters. Conventional 
hydroelectric developments do not consume nat- 
ural fuel resources. Under some circumstances, 
they can provide a source of replacement power 
for use when generation at fossil-fired plants 
might need to be reduced during air pollution 
alerts. ‘They occupy large areas of land, how- 
ever, and cause short- or long-term changes in 
stream regimens, including such items as reser- 
voir drawdowns, so they are often strenuously 
opposed on esthetic or ecological grounds. 


Conventional Developments 


Many associated benefits are provided by con- 
ventional hydroelectric developments. Reservoirs 
are used extensively for recreation, and may 
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Figure 7.1 


provide water for domestic and industrial water __ benefits related to such non-power functions as 


supply and condenser cooling water for ther- water quality control, navigation, municipal 
mal-electric plants. Some projects provide flood __ water, irrigation water, and fish and wildlife. 
control, and some are operated to supplement Streamflow regulation by reservoirs may have 


natural flows during low-flow periods to provide adverse as well as beneficial effects, but special 
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measures can usually be taken to minimize ad- 
verse effects. For example, a reregulating reser- 
voir may provide uniform flows downstream 
from a peaking hydroelectric plant. Facilities 
may be constructed to provide for passage and 
protection of anadromous fish runs. However, 
even with fish passage facilities, the cumulative 
effect of a series of dams may be substantial re- 
ductions of such runs, as has been the case on 
the Columbia River. At some reservoirs fish 
passage has not been successful but the runs are 
being maintained with fish hatcheries financed 
by the owner of the power facility. 

In deep reservoirs the lower levels may be low 
in temperature and largely devoid of oxygen, 
particularly during late summer months. Re- 
leases of waters from the deeper levels could 
benefit downstream cold water fisheries such as 
trout and salmon if oxygen demands are met. 
On the other hand, release of colder waters 
could adversely affect warm water fisheries. At 
some projects, such as Gaston and Roanoke 
Rapids on the Roanoke River in North Caro- 
lina, submerged weirs were constructed above 
the power intakes in order to skim water from 
the upper layers of the pools where the dis- 
solved oxygen content of the water is greater. 
At the Hartwell project on the Savannah. River, 
and at certain other projects, vacuum breakers, 
installed in the draft tubes to prevent cavita- 
tion, have also provided for some reaeration of 
downstream flow releases. The hydro-turbine 
reaeration procedure has been used with moder- 
ate success at projects on several streams in Wis- 
consin, including the Flambeau, Wisconsin, and 
Fox Rivers. Other projects, such as Oroville on 
the Feather River in California, have multi-level 
intakes which permit the withdrawal of water 
from various levels of the reservoir to provide 
downstream flows with optimum water tempera- 
tures and oxygen content. The Corps of Engi- 
neers has installed air diffusers at the Allatoona 
reservoir on the Chattahooche River in Georgia 
to improve water quality through destratifica- 
tion. ‘They have provided significant increases in 
the oxygen content of water discharged from the 
reservoir. Some experimental use has been made 
of special spray type valves for reaeration of 
downstream releases to improve oxygen content. 
At some dams, spillway discharges have caused 
downstream waters to be supersaturated with ni- 


trogen, resulting in adverse effects on fish. Addi- 
tional research, including comprehensive ecolog- 
ical evaluations, is needed on means of improv- 
ing the quality of water released from deep 
reservoirs. 


Pumped Storage Developments 

There are two major categories of pumped 
storage projects: (1) developments which pro- 
duce energy only from water that has previously 
been pumped to an upper reservoir, and (2) de- 
velopments which use both pumped water and 
natural runoff for generation. Although pumped 
storage projects may have conventional hydro- 
electric generating units and separate pumps, 
most developments utilize reversible, pump-tur- 
bine units. Some plants contain both conven- 
tional and reversible units. In such cases, the re- 
versible generating units are considered herein 
as constituting pumped storage developments. 

A pumped storage plant has the same favora- 
ble operating characteristics as a conventional 
hydroelectric plant—rapid start-up and loading, 
long life, low operating and maintenance costs, 
and low outage rates. The ability of a pumped 
storage plant to accept or reject large blocks of 
load very quickly makes it much more flexible 
than a steam-electric plant, either fossil-fueled 
or nuclear, in following the load fluctuations 
which occur on a minute-to-minute basis in an 
electric system. This ability to follow the 
changes in the system load so as to furnish a 
portion of the peaking requirements permits 
more uniform and efficient loading of the fossil- 
fueled and nuclear units. Also by pumping in 
the off-peak hours, the plant factor of the base 
load thermal units is improved, thus reducing 
severe cycling of these units and improving their 
efficiency and durability. 

Pumped storage plants can play an important 
role in assuring system reliability. In recent FPC 
licensing actions, considerable attention has 
been given to assuring project designs that will 
permit operation of units as spinning reserve 
and allow the loading of units in minimum 
time. When properly designed, a_ high-head 
pumped storage unit may operate as a synchro- 
nous condenser, with the spherical valve closed, 
and be fully loaded in about one minute. Units 
in the lower head ranges may be operated as 
synchronous condensers without the use of cut- 
off valves and have an even faster response to 
load changes. Also, a unit can be operated at 50 


I-7-3 


percent to 60 percent of full load and have the 
ability to pick up the remainder of its capacity 
in about 15 seconds. This provides an ideal 
source of spinning reserve capacity to protect a 
system at a time when generating capacity is 
suddenly lost. In the event of an emergency on 
the system during the pumping cycle, the system 
load may be reduced quickly merely by drop- 
ping the pumping load. By rapidly picking up 
full generating load, approximately twice the ca- 
pacity of the plant can, in effect, be made avail- 
able to the system to meet a generation defi- 
ciency occurring during the pumping cycle. 

Operating experience at the Muddy Run 
project on the Susquehanna River in Pennsyl- 
vania shows that, if the units are in a normal 
ready condition, one of the 100-megawatt units 
can be started in three minutes and all eight 
units in the plant can be started in 12 minutes. 
The changeover time from pumping to generat- 
ing cycle is 514 minutes for one unit or 20 min- 
utes for the plant. In a recent test, two units 
were tripped while in the pumping cycle and 
two others were immediately started in the gen- 
erating mode, for a net increase in power of 460 
megawatts in approximately six minutes. 

In normal operation of the Cabin Creek plant 
in Colorado, shown in figure 7.2, a period of 10 
to 13 minutes is required to synchronize and 
fully load each of the two 150-megawatt units. 
In an emergency, it is possible to synchronize 
and load both machines simultaneously in ap- 
proximately the same time period. The time re- 
quired for the plant to change from pumping to 
generating or vice versa is about 25 minutes. 

The design of the eight 250-megawatt units 
planned for the Cornwall project, New York, 
provides for changeover from full pumping to 
full generation in 158 seconds and from full 
generation to full pumping in 17 minutes. De- 
sign for a relatively short turn around time 
from pumping to generating is usually feasible 
but, because of pump starting problems, the 
turn around time in the reverse direction is 
usually longer, as illustrated by the Cornwall 
design. 


Use in Serving Loads 


Hourly loads of a southern utility system for 
the peak week in August 1968, a week when ex- 
tremely hot weather was experienced, are shown 
in figure 7.3. 


Figure 7.2—The Cabin Creek project of the Public 
Service Company of Colorado, a 300-megawatt pure 
pumped storage development utilizing a gross head of 
1,199 feet, went into operation in 1967. 


The usual practice is to use new, efficient 
steam-electric units, either fossil-fueled or nu- 
clear, to serve the base portion of the load. The 
less efficient steam-electric capacity, usually the 
older equipment, is used to serve the higher 
portions of the load and therefore operates at a 
lower capacity factor. Normally, conventional 
and pumped storage hydroelectric capacity is 
used to serve the peak portions of the load, al- 
though gas turbines may be used to serve sharp 
peaks of short duration. Figure 7.3 is an illustra- 
tion of normal practice. 

In some cases, conventional hydroelectric ca- 
pacity may operate in lower portions of the 
load. Some plants must operate at high capacity 
factors because the rate of flow releases must be 
relatively constant in the interest of navigation 
or other purposes. Also, run-of-river plants oper- 
ate at high capacity factors during periods when 
available streamflows permit. 

Because of losses in the pumping-generating 
cycle, pumped storage plants require approxi- 
mately three kilowatt-hours of pumping energy 
to provide two kilowatt-hours of generation. 
Therefore, the availability of a dependabie sup- 
ply of pumping energy is essential. Equally im- 
portant is the necessity of constructing reservoirs 
with sufficient storage capacity to fit the pump- 
ing and generation requirements. For the load © 
shown on figure 7.3, steam-electric energy would 
be available only about 10 hours each weekday 
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Figure 7.3 


night to provide pumping energy. Because the 
time of the pumping cycle may be as much as 
114 times that of the generation cycle with 
units operating at full load, a daily pumping 
cycle of eight or nine hours would assure only 
about six hours of generation per day. This 
would be inadequate to serve the load shown on 
figure 7.3. Normally, therefore, it is necessary to 
construct reservoirs having adequate storage ca- 
pacity to permit operation on a weekly cycle 
with substantial pumping over weekends, as de- 
picted on figure 7.3 Reservoir storage capacities 
should be sufficiently large to assure dependable 
operation under most adverse load conditions. 


In most areas such conditions occur during sum- 
mer peak periods when long and continuous 
periods of high temperatures are experienced. 
Under these criteria, with few exceptions, the 
reservoirs of pumped storage developments 
should have sufficient storage capacities to per- 
mit from 10 to 20 hours of continuous full load 
operation. 


Trends in Development 


The current trend toward construction of 
very large nuclear and fossil-fueled steam-electric 
units which operate best at high plant factors 
has increased the need for plants designed spe- 
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cifically for peak load operation. This has led to 
the construction of pumped storage and other 
hydroelectric plants with large generation capac- 
ity designed for low plant factor operation. In 
some cases, existing plant capacities are being 
greatly expanded to meet system peaking needs. 
Various studies of the feasibility of increasing 
the capacity of existing plants are under way, 
including studies of large plants on the Colum- 
bia and Missouri Rivers. 

In many cases, conventional hydroelectric de- 
velopments with reasonably high heads can have 
their capacities increased substantially by the 
construction of lower pool afterbays and the in- 
stallation of reversible units that can be used for 
both pumping and generating. Such combined 
developments usually have some advantages in 
flexibility of operation because of the large 
upper reservoirs normally available in such proj- 
ects. The Smith Mountain project in Virginia 
and the Oroville project in California are exam- 
ples of projects where the inclusion of reversible 
units made possible a substantial increase in 
total project capacity. 

Generating units are being constructed in in- 
creasingly larger sizes. For many years, the larg- 
est conventional hydroelectric units were those 
of 150 megawatts in the Robert Moses plant at 
Niagara Falls, shown in figure 7.4. The enlarge- 
ment of the Grand Coulee power installation 
now under way will use 600-megawatt units. 
Units of 270 megawatts are being constructed 
for the 1,620-megawatt Ludington pumped stor- 
age project adjacent to Lake Michigan in Michi- 
gan and 382.5-megawatt units are scheduled for 
the 1,530-megawatt Raccoon Mountain pumped 
storage project on the Tennessee River in Ten- 
nessee. ‘This trend to plants and units of larger 
sizes is likely to continue, with probable savings 
in both capital and operating costs. 

For developing economically the power poten- 
tial of sites with heads in the range of 15 to 35 
feet, axial-flow turbines of the tubular type have 
been designed and are now being constructed. 
Also, bulb units of the type developed in Eu- 
rope are being considered for installation at cer- 
tain low-head plants in this country. 

Improvements in the design and construction 
of dams are contributing to the economies of 
hydroelectric power developments. Also contrib- 
uting to such economies are advances in the 
techniques and equipment used in tunneling and 


Figure 7.4—Robert Moses Niagara Power Plant of the 
Power Authority of the State of New York houses 
thirteen 150-megawatt generating units. The Lewiston 
Pumped storage plant shown in the background has 
12 units used either as 37,500-horsepower pumps or 
20-megawatt generators. The total installed capacity of 
the two plants is 2,194 megawatts. 


other underground excavation. In some in- 
stances, underground powerhouses are proving 
to be economical. In other cases, they may be 
adopted in order to preserve the natural surface 
conditions at the plant sites. Many new plants 
and some existing plants are being equipped for 
remote control to reduce operating costs. 


Experience has shown that care must be exer- 
cised in selecting the site and designing the 
upper reservoir of a pumped storage develop- 
ment to avoid excessive leakage of water. Ini- 
tially, excessive leakage occurred at the Taum 
Sauk (Missouri), Salina (Oklahoma), and Kin- 
zua (Pennsylvania) projects, necessitating var- 
ious remedial measures. The experience gained 
at these projects and others under construction 
should prove helpful in providing better designs 
for future projects. A unique lining is being 
provided for the upper reservoir dike of the 
1,620-megawatt Ludington project adjacent to 
Lake Michigan. Beginning from the surface and 
proceeding toward the foundation, there will be 
(1) a mastic seal coat, (2) two, three-inch lay- 
ers of asphaltic concrete, (3) a two-inch asphal- 
tic base course, (4) a drainage zone of 18 inches 
of crushed rock, (5) a two-inch layer of asphal- 
tic concrete, (6) a two-inch layer of asphaltic 
sub-base, and (7) a 41% foot thick layer of cal- 
careous silty sand. Submersible pumps will be 
embedded in the crushed rock drainage zone 
and connected with a continuous 12-inch perfo- 


I-7-6 


rated pipe located in the lower portion of the 
drainage zone and running around the reservoir. 

There is considerable flexibility in the design 
of pumped storage projects. An example is the 
licensed Kinzua pumped storage project which 
has two 198-megawatt reversible units and one 
26-megawatt conventional unit. The Corps of 
Engineers’ Allegheny Reservoir serves as the 
lower pool. One of the reversible units, through 
use of a divided draft tube, has been designed 
to discharge either into Allegheny Reservoir or 
into the river below the dam. A sketch of the 
Kinzua project is shown in figure 7.5. 

An FPC license has been issued to Arizona 
Power Authority to construct the Montezuma 
project in Arizona with an initial installation of 
505 megawatts. Original plans were to use the 
effluent from a sewage treatment plant serving 
Phoenix as the source of water. Since, under 
present plans, the effuent will be used for irri- 
gation and thus will not be available to replace 
water lost during project operation, ground- 


water from wells will be used instead. Upper and 
lower reservoirs of equal capacity will be con- 
structed to provide a gross head of about 1,660 
feet. As initially planned, there would have 
been an underground powerhouse with five con- 
ventional 100-megawatt generating units and 
five, three-stage pumps. Reversible units were 
not proposed because of the high head. In re- 
viewing the plans for this project, however, it 
was concluded that reversible pump turbine 
units could be used and that this would result in 
a reduction of about $14 million in construction 
costs. Accordingly, the plans now provide for 
the installation of four 126-megawatt reversible 
units. 

Because of the relative newness and the phys- 
ical complexities of large pumped storage proj- 
ects, the effects they may have on the aquatic 
environment are not well understood. ‘The power 
houses are designed with deeply submerged 
pump-turbine runners to reduce negative pres- 
sures which cause cavitation and injure fish. Ob- 


Figure 7.5—Sketch of Kinzua pumped storage project. 
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servations at some projects, although uncon- 
firmed by quantitative studies, indicate that 
mortality rates generally are not significantly 
high for fish in the water passing through such 
units. The widely fluctuating reservoir surface 
elevations associated with pumped storage proj- 
ects may adversely affect the spawning of warm 
water fish although some studies have shown 
that these species adapt to the fluctuations. 

Trashracks and fish screens at pumped storage 
projects are regarded as self-cleaning because of 
the alternating direction of water flows through 
the units. Therefore, the design of fish protec- 
tive facilities, when needed, is quite flexible. 
However, the location of fish screens and the ve- 
locities of water approaching them require par- 
ticular attention. Additional studies are needed 
on the direct and indirect effects of pumped 
storage projects on the aquatic environment. 

Because of the wide fluctuations in reservoir 
levels, many pumped storage projects are not 
suitable for recreational use. However, recrea- 
tion facilities usually may be provided adjacent 
to, or in connection with, pumped storage devel- 
opments. In some cases, sub-impoundments can 
be provided for recreational use, as shown in 
figure 7.6. 


Existing Developments 


Although most new hydroelectric plants have 
large capacity installations, there are numerous 
older plants with relatively small capacities. 
Many of the earlier plants are being retired. 
Consequently, despite a continuing growth in 
total capacity, the number of hydroelectric 


Figure 7.6—Philadelphia Electric Company’s Muddy Run 
Recreation Park, developed as part of the pumped 
storage project, includes a constant level, 100-acre 
recreational lake in the upper power pool. 


plants is decreasing. As may be noted in table 
7.1 covering only conventional developments 
during the 10 years 1960 through 1969, there 
was an increase of about 18,000 megawatts in 
total capacity, but a decrease of 204 in number 
of plants in operation. This trend is expected to 
continue because many of the remaining small 
plants cannot be operated economically with to- 
day’s higher labor costs. In the case of some of 
the smaller plants this situation can be corrected 
by remote operation from a larger plant. In 
some Cases, existing projects may be redeveloped 
to provide larger installations, but usually the 
sites are inadequate or redevelopment is too 
costly. 


TABLE 7.1 


Number and Capacity of Conventional Hydroelectric Plants, Forty-Eight Contiguous. States, 1960-1969 


Class of Ownership 


Investor-owned utilitiess... . o.1acuseree ee ete naar oe 
Non-federal. public utilitiesei9s. 0. tne es ee eee 
Fedevall 5 cic scsihe pte oe Ce ee ee 


1 January 1. 
2 December 31. 


Number of Plants Installed Capacity—Megawatts 


1960! 19692 1960 ! 1969 2 
956 776 13,059 16,211 
270 287 3,924 11,697 
114 144 14,201 21,556 
345 274 729 688 
1,685 1,481 31,913 50,1520 
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Trends in Ownership 


The growth in conventional hydroelectric ca- 
pacity from 1920 to 1970 by categories of owner- 
ship is illustrated in table 7.2. 

Investor-owned utilities accounted for most of 
the earlier hydroelectric developments. By the 
end of 1970, however, Federally owned hydro- 
electric capacity constituted about 44 percent of 
the total. The Federal agencies which operate 
hydroelectric capacity are listed in table 7.3, to- 
gether with the total capacity in operation, 
under construction, and authorized. 

The total pumped storage capacity in opera- 
tion on December 31, 1970, amounted to 3,689 
megawatts. Investor-owned utilities accounted 
for 65 percent of the total capacity, non-federal 
public utilities accounted for 21 percent, and 
the remaining 14 percent was Federally owned. 


Projects Existing and Under Construction 


At the end of 1970, about 46 percent of the 
52,300 megawatts of conventional hydroelectric 


capacity in the United States was in the Pacific 
Coast States of Washington, Oregon, and Cali- 
fornia; about 33 percent of the total was in the 
Columbia River Basin. The locations of princi- 
pal projects in the Columbia River Basin are 
shown in figure 7.7. 

At the Grand Coulee project, a third power 
plant is being constructed on the right bank of 
the Columbia River immediately downstream 
from the dam, as illustrated in figure 7.8. This 
plant is planned for twelve 600-megawatt units, 
although only six units are currently authorized 
and now under construction. Completion of the 
authorized units and the scheduled increase in 
capacity of existing units will bring the total in- 
stallation at the project to 5,870 megawatts. 
Also, the Grand Coulee pumping plant which 
pumps irrigation water from the reservoir is 
scheduled to have six 50-megawatt pumping-gen- 
erating units, of which two are now under con- 
struction. Completion of the remaining pump- 
ing-generating units and the six additional units 


TABLE 7.2 


Conventional Hydroelectric Capacity by Class of Ownership, Forty-Eight Contiguous States, 1920-1970 


[Thousands of Megawatts] 


Installed Capacity: Year End 


Class of Ownership 


1920 


investor-owned Utilitiesa.. emer oe cre oe neue 
INou-tederalyoubUCciWtilities we netr iis) -ainii reliant 
iP CUCL Al EE Ot teiete ere LEE eRe ro ices shee 


*Less than 50 MW. 


1930 1940 1950 1960 1970 
Usd 8.5 ef VOR: 16.6 
0.7 es Le 4.4 12.1 
0.2 Pods 6.5 14.6 Ps $8) 
bea oll 1.0 0.7 OFZ 
Sol 12)..4 18.7 33 al 52.3 


TABLE 7.3 


Federal Conventional Hydroelectric Capacity—Megawatts, Forty-Eight Contiguous States, 
December 31, 1970 


Federal Agency 


Cot pe Oi ENGIN CEtS ic aarcihvin. cdr mich etalcens cat ante oid ala aeinhs.arnye © 
Bureatroueeclamationmnimes cat ilaeitver var stad hdeiaiciue 
plier esseGmV alley MATILOLIL yc mmerys rei iet erp tiie rte 
International Boundary and Water Commission............ 
Bureau’ of Indian’ Afiairs ans acnemina cutee a etomtenticw io nee « 
National /ParkiServiceipa erty relent (rssh: lem alas! « 


In Under Ultimate 

Operation Construction Authorized 
Siac Sete 12,578 Se OLS 24,290 
gre ae 7,230 4,008 11,707 
ia RENT EK 3,083 45 3,128 
Hee. Po eae Ms ceive eeeRera toe Ce 122 
Eee Satna ES ates ee ater oe 14 
Le eer 2 Peeks aera ee 3 
Pah Acca at Ae 22,939 7, 566 39, 264 


MAP AND PROFILE OF COLUMBIA RIVER BASIN 
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planned for the third powerhouse would bring 
the total capacity at the Grand Coulee complex 
to 9,770 megawatts, making it the largest hy- 
droelectric development in the world. 

Figure 7.9 shows the locations of the 130 con- 
ventional hydroelectric power projects devel- 
oped and under construction, having capacities 
of 100 megawatts or more. These projects are 
listed by regions in table 7.4. 


During the past decade there has been a 
sharp increase in interest in pumped storage 
projects. The Rocky River plant in Connecticut, 
the first pumped storage plant, was placed in 
operation in 1929. By the end of 1966 a total of 
only nine plants were operating, with an aggre- 
gate capacity of about 1,500 megawatts. During 
the next four years, 22 new plants, with a capac- 
ity of about 11,000 megawatts, were completed 
or under construction. At the end of 1970, total 
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Figure 7.8—Grand Coulee Dam with artist’s conception 
of the new third power plant which will house twelve 
600-megawatt generating units. 


pumped storage generating capacity amounted 
to 3,689 megawatts. 

Pumped storage projects in operation and 
under construction on December 31, 1970, are 
listed in table 7.5 and their locations are shown 
on figure 7.14. 


Developments Under FPC Licenses 


Part I of the Federal Power Act empowers the 
Federal Power Commission to issue licenses for 
periods not exceeding 50 years to citizens, corpo- 
rations, cooperatives, States, and municipalities 
authorizing the construction, operation, and 
maintenance of water power projects on naviga- 
ble waterways, on any streams over which Con- 
gress has jurisdiction where the project affects 
interstate commerce, or on public lands or reser- 
vations of the United States. The Commission 
may also issue licenses to such non-federal inter- 
ests to utilize surplus water or water power from 
a Government dam. The Commission may issue 
preliminary permits for terms not exceeding 
three years for the purpose of giving applicants 
priority in applying for licenses while making 
examinations and surveys of proposed develop- 
ments. An important provision of the Federal 
Power Act is the requirement in Section 10 (a) 
that any hydroelectric project licensed shall, in 
the judgment of the Commission, be_ best 
adapted to a comprehensive plan for the devel- 
opment and utilization of the water resources of 
the river basin for all beneficial purposes, in- 
cluding recreation. 


Processing Applications 


An applicant for the construction and opera- 
tion of a hydroelectric project must furnish a 


number of statements and exhibits as specified 
in the Commission’s regulations. Required infor- 
mation includes a description of the project and 
principal project works, maps and drawings de- 
picting project facilities, the initial and ultimate 
scope of the development, the time desired to 
begin and complete construction, the . capacity 
and estimated generation of the power facilities, 
the lands owned and proposed to be purchased 
by the applicant, lands and reservations of the 
United States to be affected by the project, and 
the estimated project cost. The application must 
also include information on the applicant’s cor- 
porate or organizational structure, copies of 
State laws relating to the project, evidence that 
the applicant has complied with State water 
rights and other applicable State laws, and a 
showing of the applicant’s financial ability to 
carry out the project. Further information to be 
provided includes a statement of the proposed 
operation of the project works during low, nor- 
mal, and flood flows of the stream, including the 


_ proposed minimum flow releases from storage; 


and exposition of the planned use of the project 
for such purposes as power production, naviga- 
tion, irrigation, flood control, and municipal 
water supply; statements showing the proposed 
use or market for project power, and the manner 
in which the project output could be utilized as 
part of the applicant’s electrical system or as 
part of the electrical systems of others with 
which applicant’s system is or could be intercon- 
nected and coordinated; and a statement setting 
forth why development and operation of the 
project by the applicant rather than the Federal 
Government would be best adapted to a com- 
prehensive plan for the basin. 

The Commission also requires applicants for 
licenses to furnish a proposed plan for full pub- 
lic utilization of project waters and adjacent 
lands for recreational purposes, so far as consist- 
ent with proper operation of the project for 
power and other purposes; a report on the effect 
of the project on fish and wildlife resources and 
proposals for measures considered necessary to 
conserve and, if practicable, to enhance fish and 
wildlife resources affected by the project; a de- 
scription of any properties listed in the national 
register of historical or archeological sites*, or 


2 Established pursuant to PL 89-665, approved October 
15, 1966, 16 U.S.C. §470a (1970). 
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Over 499 


CONVENTIONAL HYDROELECTRIC CAPACITY 


Existing and Under Construction 


af December 31, 1970 


Existing - 
Mw 


Under 
Construction 


Excludes all reversible capacity and capacity in plants or 
plant additions of less than 100 mw. 


Figure 7.9 


TABLE 7.4 


Conventional Hydroelectric Capacity Existing and Under Construction as of December 31, 1970 


[Listed Projects Have Installations of 100 MW or More] 
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TABLE 7.4—Continued 


Installed Capacity, MW 


Plant Name and Location River Owner 
Existing Under 
Construction 
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TABLE 7.4—Continued 


Installed Capacity, MW 


Plant Name and Location River Owner 
Existing Under 
Construction 
WEST REGION—Continued 
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Installed Capacity, MW 


Plant Name and Location River Owner 
Existing Under 
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*Denotes plant with reversible capacity in addition to the conventional capacity shown. 
1 Includes two 10-megawatt auxiliary units used to supply commercial power. 


? Excludes industrial capacity which totals 682 megawatts. 


eligible for listing in the national register, 
which might be affected by the project; a sum- 
mary of the applicant’s efforts to protect and 
enhance natural, historic, scenic, and recrea- 
tional values in locating rights-of-way and trans- 


Figure 7.10—The Northfield Mountain pumped storage 
project in Massachusetts features an underground 
powerhouse with four reversible units. The 1,000- 
megawatt plant with a gross static head of 824 feet 
is expected to_be in operation in 1972. 


mission facilities; and a detailed statement of 
the environmental factors relating to the five 
points specified in the National Environmental 
Policy Act of 19693. 

Pursuant to provisions of the Water Quality 
Improvement Act *, the Commission proposes 
to amend its rules to require applicants for hy- 
droelectric project licenses to furnish certifica- 
tion from the appropriate State or Federal 
agency that project discharges to navigable wa- 
ters of the United States would not violate ap- 
plicable water quality standards, or else to out- 
line steps taken in attempted compliance. 

When an application for a license or license 
amendment is received, the Commission requests 
comments on the proposal, including the appli- 
cant’s proposed environmental statement, from 
appropriate Federal and State agencies having 
interests and responsibilities for resource devel- 
opment and conservation. The Commission staff 
evaluates each proposed project for safety and 
adequacy, economic feasibility, and adaptabil- 
ity to a comprehensive plan of development. 
Frequently, hearings are held to ensure that a 
full record is available to the Commission on all 
relevant factors involved in the licensing action. 
Licenses issued by the Commision contain a 
number of standard construction and operating 
requirements and include a final environmental 
statement. These requirements are intended to 


3PL 91-190, approved January 1, 1970, 42 U.S.C.A. 
§4321 et seq. (1971 supp.). 

3a PL 91-224, approved April 3, 1970, 33 U.S.C.A. §1171 
(1971). 
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TABLE 7.5 
Pumped Storage Projects in the United States, December 31, 1970 


Reversible Capacity, MW 
Plant Name State Owner rr 
In Under 
Operation Construction 
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SOUTH CENTRAL REGION 
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1 Plant also includes conventional hydroelectric units. 
2 A pump separate from the turbine is provided for pumping. 
3 Includes 222 MW allocated to State of California by contract. 
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assure optimum development of sites, conserva- 
tion of resources, and preservation of the envi- 
ronment. Normally, each license also contains 
special conditions applicable to the particular 
project. Pursuant to existing statutes, the orders 
and actions of the Commission may be appealed 
to the courts. These safeguards may result in ex- 
tensive delays in processing licensing applica- 
tions. 


Projects Under License 


As of December 31, 1970, there were 580 con- 
structed conventional hydroelectric plants oper- 
ating under Federal Power Commission licenses 
within the 48 contiguous States. The 25,000 mega- 
watts installed in these plants represented 48 
percent of the total developed conventional hy- 
droelectric capacity on that date. A total of 428 
of the plants were owned by private utilities, 85 
by non-federal public utilities, 7 by cooperatives, 
and 60 by industrial establishments. New con- 
ventional capacity under construction on De- 
cember 31, 1970, would add 937 megawatts, 
making a total developed licensed capacity of 
about 26,000 megawatts. This new capacity con- 
sists of 580 megawatts being added at two plants 
already in operation and 357 megawatts of ini- 
tial capacity at three new plants under construc- 
tion. 

Ten pumped storage projects with a total 
capacity of 3,146 megawatts were operating 
under FPC licenses on December 31, 1970, and 
525 megawatts were operating at Federal proj- 
ects not subject to licensing. An additional 4,655 
megawatts were being constructed under license 
at five new plants and at one existing plant. 
Also, on the same date, license applications were 
pending for one existing project and one project 
under construction, providing a total capacity of 
407 megawatts. Of the 10,988 megawatts of 
pumped storage capacity existing and under 
construction, more than 70 percent will operate 
under license. 

In addition to the foregoing, 1,286 megawatts 
of new pumped storage capacity were authorized 
by four outstanding licenses but were not under 
active construction as of December 31, 1970+. 
Also, applications for license or preliminary per- 
mit were pending for 11 projects involving 


4 Does not include the Cornwall project of 2,000 mega- 
watts for which license was issued August 19, 1970, but is 
being contested in court. 


Figure 7.11—Duke Power Company’s Keowee hydroelec- 
tric project with a generating capacity of 140 mega- 
watts will serve as the lower pool for the Jocassee 
pumped storage development and furnish cooling water 
for the Oconee Nuclear plant expected to begin opera- 
tion in 1971. 


nearly 8,500 megawatts of new capacity. Still 
other projects were being actively considered. It 
appears, therefore, that actual installations of 
pumped storage capacity in 1980 will exceed the 
19,000 megawatts which the 1964 National 
Power Survey projected. 

Since the construction and operation of dams 
and reservoirs may involve hazards to the public 
safety, the Commission provides for comprehen- 
Sive inspection programs. Proposed project sites 
are inspected by the FPC staff during early 
planning stages to review the adequacy of an ap- 
plicant’s investigations and designs. Licensees 
for major new projects are required to engage 
a board of qualified engineering consultants to 
review initial designs and to monitor project 
construction. Licensees are also required to sub- 
mit their programs of construction for FPC ap- 
proval. Projects under construction are in- 
spected monthly or more frequently by the 
Commission staff. Projects in operation are in- 
spected annually by the FPC staff to assure 
that they are being maintained and operated 
efficiently and safely. ‘The Commission’s regula- 
tions require licensees to have operating projects 
inspected at least once every five years by quali- 
fied independent engineering consultants. 
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The 1970 issue of the Commission’s publica- 
tion, Recreation Opportunities at Hydroelectric 
Projects Licensed by the Federal Power Commis- 
sion, lists 5,830 outdoor recreational areas and 
facilities available to the general public at li- 
censed projects. It describes recreational facili- 
ties at 555 reservoir-lakes with 22,000 miles of 
shoreline and a total water surface of 1.9 mil- 
lion acres. Among the available water recreation 
facilities are 2,264 boat ramps and 1,134 bathing 
areas. There are 1,349 picnic areas, and 971 
camping areas on lands surrounding the reser- 
voirs. Marinas, fishing piers, playgrounds and 
other facilities are provided at many projects, 
and hiking and riding trails are included in 
many developments. 


Relicensing or Federal Takeover 


The Federal Power Act provides that at the 
expiration of the prescribed license term, a hy- 
droelectric project, if not publicly owned, may 
be taken over by the United States or relicensed 
to the original licensee or to another applicant. 
Under its regulations, as modified pursuant to a 
1968 amendment to the Act, if the Commission 
determines that a project should be relicensed it 
will so order. However, if any Federal depart- 
ment or agency recommends takeover, the Com- 
mission will, upon motion of such department 
or agency, stay the effective date of its order for 
two years to permit presentation of the case for 
takeover to the Congress. If by the expiration of 
the two-year stay the Congress has not author- 
ized takeover, the new license will become effec- 
tive. 

When the licensee does not wish to continue 
power operations and, in the judgment of the 
Commission, conversion of the project to non- 
power use would best serve comprehensive de- 
velopment of the affected lands and waterways, 
the FPC is authorized to issue a license for that 
purpose. The nonpower license would be tem- 
porary, continuing only until such time as in 
the Commission’s judgment a State, municipal, 
or interstate agency, or another Federal agency 
assumes regulatory supervision of the involved 
lands and facilities. 


Development Under Comprehensive 
Basin Plans 

The planning, construction, and operation of 
hydroelectric projects are increasingly affected 


by other water uses and needs. Recent studies 
demonstrate an increasing demand for water re- 
source developments to provide municipal and 
industrial water supply, water quality control, 
and water-based recreation, in addition to the 
needs for power, flood control, navigation, and 
irrigation. These demands make it essential that 
individual water resources projects be consid- 
ered as parts of long-range comprehensive plans 
of development. Thus, an important considera- 
tion in planning hydroelectric power projects is 
the harmonizing of the needs and demands of 
all appropriate water uses. 

On some rivers, such as the Salmon River in 
Idaho, the preservation of anadromous fish is of 
particular significance. Research that would 
solve the fish-passage problems at high dams 
would facilitate early use of several favorable 
water power sites. The impoundments should 
not, however, flood vital spawning grounds. In 
water shortage areas, such as the Pacific South- 
west, water needs for consumptive uses are of 
highest importance. Large-scale interbasin water 
diversion plans are being considered to assist in 
the supply of such needs. Some of these plans 
would include the development of hydroelectric 
power, and all would require large amounts of 
power for pumping water for municipal, in- 
dustrial and agricultural purposes. 


Federal-State Planning Activities 


Federal, State, and local interests are becom- 
ing increasingly aware of the importance of 
planning for the comprehensive development 
and utilization of the Nation’s water and re- 
lated land resources. Most recent planning stud- 
ies, and those now scheduled, provide for the co- 
operation of all interests. Despite the planning 
work that has been accomplished to date, a 
great deal of additional study is needed. 

A major effort is under way by Federal and 
State agencies to prepare comprehensive plans 
of development and management for the princi- 
pal river basins in the United States. ‘The Wa- 
ter Resources Council ® has the major responsi- 
bility for coordinating the Federal effort on the 
comprehensive river basin studies with respect 
to budgets, technical and policy guidelines, and 
review and submission of the completed reports 


5 Established by Public Law 89-80, approved July 22, 
1965, 42 U.S.C. §1962a (1970). 
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to the President and the Congress. Members of 
the Council are the Secretaries of Agriculture; 
the Army; Health, Education and Welfare; the 
Interior; and Transportation (on matters per- 
taining to navigation features of water resource 
projects); and the Chairman of the Federal 
Power Commission. The Secretaries of Com- 
merce and Housing and Urban Development 
and the Administrator of the Environmental 
Protection Agency are associate members of the 
Council. The comprehensive planning program 
being carried out under the direction of the 
Council includes 19 broad framework studies, of 
which 10 have recently been completed or will 
be completed in 1972. It also includes 15 more 
detailed regional or river basin studies, of which 
12 are complete or will be completed in 1972. 

The framework studies include projections of 
the availability of water and related land re- 
sources, furnish a general appraisal of develop- 
ment needs, and serve as a guide to further de- 
tailed planning. The river basin studies include 
the formulation and evaluation of projects 
which should be initiated in the next 10 to 15 
years, with sufficient detail to permit Congres- 
sional consideration of those proposed for Fed- 
eral development. 


The Water Resources Council is also directed 
to maintain continuing study of the adequacy of 
water supplies in each water resource region of 
the country and of the relationship of compre- 
hensive river basin or regional plans to the re- 
quirements of larger regions. These studies are 
to be reported from time to time in assessments 
of the adequacy of the Nation’s water and re- 
lated land resources. The first national assess- 
ment was published in 1968. 


The Colorado River Basin Project Act® au- 
thorized the Secretary of the Interior to make 
reconnaissance-level studies to develop a general 
plan to meet the water requirements of the 11 
Western States. The plan will also delineate al- 
ternative sources for augmenting the flows of 
the Colorado River. This Westwide study is 
being carried out by the Bureau of Reclamation 
with the cooperation of affected States and Fed- 
eral agencies. Progress reports on the studies 
will be made every two years beginning in 1971; 
and the final report is due in 1977. 


6 Public Law 90-537, approved September 30, 1968, 
43 U.S.C. § 1501 et seq. (1970). 


A seven-member National Water Commission 7 
is making a five-year study which will review 
present and anticipated national water resource 
problems, project future water requirements, 
and identify alternative ways of meeting the 
requirements—giving consideration, among other 
things, to conservation and more efficient use 
of existing supplies, increased usability by re- 
duction of pollution, innovations to encourage 
the highest economic use of water, interbasin 
transfers, and technological advances including 
desalting, weather modification, and waste water 
purification and reuse. The Commission also 
will consider economic and social consequences 
of water resource development. The Federal 
water resource agencies, including the Federal 
Power Commission, are cooperating in the 
studies of the National Water Commission. 


Water Resource Appraisals 


The Commission needs up-to-date river basin 
studies to meet the requirement of Section 
10(a) of the Federal Power Act that a project 
to be licensed or relicensed be best adapted to a 
comprehensive plan for use of the basin’s re- 
sources. The work of other agencies is fully uti- 
lized to meet this requirement, but in many 
cases available studies are not current, do not 
provide sufficient information, or are not avail- 
able in time to meet the Commission’s needs. In 
such cases, river basin appraisal studies are 
made by the staff as the most effective means of 
obtaining the needed information. 


The appraisal reports include a description of 
the basin and its economy, a summary of the 
findings of prior studies and the objectives of 
current investigations, a discussion of existing 
water and related land resources developments 
and the need for further development, and an 
analysis of plans for future basin development 
including the relationship thereto of existing 
and proposed hydroelectric projects. 

Reports on 15 water resources appraisal stud- 
ies had been completed by the end of 1970. The 
objective is to complete approximately six addi- 
tional studies each year. 


7 Established by Public Law 90-515, approved Septem- 
ber 26, 1968. See note to 42 U.S.C.A. § 1962a (1970) 


I-7-20 


Projected Developments 


The Federal Power Commission staff main- 
tains an inventory of undeveloped hydroelectric 
sites, based principally on river basin surveys 
and project investigations that have been made 
over the years. The studies encompass those by 
Federal agencies, various Federal-State entities, 
electric utilities, and others, including studies 
submitted with license applications. The esti- 
mates of undeveloped water power include proj- 
ects for which studies have indicated both engi- 
neering and economic feasibility, as well as 
projects at sites where physical conditions sug- 
gest engineering feasibility but for which de- 
tailed studies of economic feasibility have not 
been made. The estimates are revised as addi- 
tional information becomes available. 


Hydroelectric Power Potential 


The total conventional hydroelectric power 
potential of the 48 contiguous States at both de- 
veloped and undeveloped sites that have been 
inventoried is estimated to be about 146,000 
megawatts of capacity capable of producing an 
average of 530 million megawatt-hours of electric 
energy annually. ‘The undeveloped portion of 
this total as of December 31, 1970, was about 
94,000 megawatts and 274 million megawatt- 
hours. 


Economics and other factors will preclude the 
development of many of the potential hydroelec- 
tric sites. Development of some sites may be pro- 
hibited by legislation. Examples of such 
legislation are the Colorado River Basin Project 
Act, and the Wild and Scenic Rivers <Act.® 
The former prohibits the Federal Power Com- 
mission from issuing licenses for projects on the 
Colorado River between the Glen Canyon and 
Hoover Dam projects. This reach of the Colo- 
rado River has an undeveloped power potential 
of about 3,500 megawatts. The latter Act pro- 
hibits the Commission from licensing the con- 
struction of any power facility affecting a river 
included in the national wild and scenic rivers 
system which was established by the Act. ‘The 37 
river reaches named in the Act to be included 
in that system or to be studied for possible in- 


8 Public Law 90-537, approved September 30, 1968, 43 
U.S.C. § 1501 et seq. (1970). 

9Public Law 90-542, approved October 2, 1968, 16 
U.S.C. § 1271 et seq. (1970). 


clusion in the system contain sites which could 
provide about 9,000 megawatts of hydroelectric 
capacity. The 37 river reaches named in the Act 
are shown on figure 7.12. 

The availability of pumped storage sites is de- 
pendent primarily upon topography which per- 
mits development of a high head between two 
reservoirs in the same area. Little streamflow is 
required and the reservoirs can be small in com- 
parison with storage reservoirs at conventional 
hydroelectric projects. In many areas of the 
country, therefore, there are virtually unlimited 
physical opportunities for developing pumped 
storage projects. Since only a limited number of 
sites have been investigated, the inventory of 
undeveloped pumped storage power is not as 
complete as that for undeveloped conventicnal 
hydroelectric power. However, using the studies 
of others and its own reconnaissance, the Com- 
mission staff has identified several hundred po- 
tential pumped storage sites capable of develop- 
ing many thousands of megawatts of capacity. 


Possible Future Projects 


The cost of constructing a conventional 
hydroelectric project per kilowatt of installed 
capacity depends upon the type of project, its 
size and location, the head developed, the cost 
of lands required, and the cost of relocating fa- 
cilities within or adjacent to the reservoir area, 
such as railroads, bridges, roads, buildings, and 
other improvements. Variations in costs are con- 
siderable but, on the average, investment costs 
per kilowatt are substantially higher than for 
thermal-electric plants or pumped storage proj- 
ects. Operating expenses of conventional hydro- 
electric plants are much lower, however, princi- 
pally because fuel is required to operate 
thermal-electric plants and electric energy is re- 
quired for pumping at pumped storage projects. 
Consequently, as fuel costs increase, conven- 
tional hydroelectric power sites may become 
more favorable economically. 


Cost data adequate for making economic anal- 
yses of most potential hydroelectric power sites 
are not available. Therefore, any projection of 
new conventional projects to be constructed dur- 
ing the period to 1990 is highly conjectural. 
Using available data and its own estimates of 
cost, the Federal Power Commission staff has 
made an appraisal of the undeveloped water 
power sites to select those which might be devel- 
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oped by 1990. It was recognized that any site 
considered for development would need to be 
adaptable to a comprehensive plan for the basin 
and compatible with the environment of the 
area. In examining the economics of potential 
projects which have already received Congres- 
sional authorization or have some licensing sta- 
tus, the annual charges used were those appro- 
priate to the sponsoring entity. In screening 
other potential projects for which a sponsoring 
entity was not clearly identified, project econom- 
ics were evaluated on the basis of Federal financ- 
ing which results in lower project costs than 
non-federal financing. This was done to assure 
the inclusion of all projects that could be justi- 
fied on that basis, but with full recognition that 
in many cases development might be accom- 
plished by non-federal entities, including pub- 
licly and investor-owned utilities. 

The staff appraisal included a review of the 
possibilities of adding capacity at existing proj- 
ects. Many existing projects were constructed 
with provisions for additional future generating 
units, and these can be added at relatively low 
incremental costs. At other projects, such as 
Bonneville and Grand Coulee, it is necessary to 
construct a new powerhouse to provide addi- 
tional generating capacity. In many cases, capac- 
ity additions become justified as load growth re- 
sults in the need for additional peaking 
capacity. 

Locations of projected new conventional proj- 
ects and capacity additions having ratings of 100 
megawatts or more are shown in figure 7.13. 
These projects and capacity additions are listed 
by regions in table 7.6. They would provide 
about 22,000 megawatts of new capacity and in- 
crease the total conventional hydroelectric ca- 
pacity to about 82,000 megawatts by 1990. This 
total capacity would be capable of operating at 
an average annual plant factor of about 45 per- 
cent. 

The magnitude and characteristics of the fu- 
ture loads in each region were examined to de- 
termine how much pumped storage capacity 
could be utilized by 1990. Specific potential 
pumped storage developments identified by re- 
connaissance studies, generally estimated to cost 
between $100 and $140 per kilowatt of installed 
capacity, were then tentatively selected for serv- 
ing portions of the loads. 

Locations of existing and projected new 


pumped storage projects are shown on figure 
7.14. The new projects are listed by regions in 
table 7.7. The projects listed would provide 
about 59,000 megawatts of new capacity and in- 
crease the total pumped storage capacity to 
70,000 megawatts by 1990. In listing these proj- 
ects, it is recognized that in some regions there 
are numerous alternative sites available and that, 
for the sites selected, detailed engineering studies 
would be required to determine their economic 
feasibility in most cases. These studies would 
more carefully examine project construction 
costs and associated transmission costs, evaluate 
the energy losses in pumping and transmission, 
and compare the results with the costs of alter- 
native types of facilities for providing peaking 
capacity available at the time decisions for such 
capacity additions must be made. Environmen- 
tal and esthetic considerations would also be 
taken into account and might be determining 
factors in the selection of particular projects for 
construction. 


Imports from Canada 


Canada has a number of large conventional 
hydroelectric projects which are being developed 
as Canadian loads grow. Because of the rapid 
rate of growth in Canada, it appears that little 
hydroelectric power will be available on a long- 
term basis for use in the United States. 

In eastern Canada, the Churchill Falls project 
in Labrador and other large projects in Quebec 
and New Brunswick are under construction. Al- 
though some of the output of these projects, 
possibly 300 to 350 megawatts, might be avail- 
able for import on a short-term basis, it is antic- 
ipated that all of the power will be usable in 
Canada by about 1976. Quebec has large unde- 
veloped hydroelectric resources along the rivers 
flowing into James Bay, Ungava Bay, and the 
north slope of the St. Lawrence. If this power 
were developed, it is possible that as much as 
5,000 megawatts might be made available for ex- 
port to the United States for an interim period, 
possibly 20 years. 

In Manitoba, the first phase of major develop- 


ment of the Nelson River is under way with 


construction of the Kettle Rapids project. Power 
from this project will be delivered to Winnipeg 
over direct current transmission lines. The Nel- 
son River, which flows from Lake Winnipeg to 
Hudson Bay, has the potential for development 
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TABLE 7.6 


Possible New Conventional Hydroelectric Projects and Capacity Additions, Projected to 1990 
[Listed Projects or Additions Would Have Installations of 100 MW or More] 


Installed Capacity, MW 


Name of Project River State 
Capacity New 
Addition Project 


NORTHEAST REGION 


TLarrise re, 28) a tls cheb ne areas aetna ahetet IWEnne bee aree so sceee erie ee cies ae Miainetn. cer 130: he LOY. Sees 
Dickey-Lincoln School............... St Johnieneeat .. nee woe Maines }rtit «ise 830 
Holtwoodwins: taitenas sey detect. 2 Susquehannazee =... =. surioen | rmriet ac Patient ade 162». ) ants snlsintenaee 
SafesH arbor. itt crs hoc eae aes Susquehanna see aaa eee ae Par seaccude 176: > x3 Siegen 
Clarion (B* aa, 6 oc stae sca ee ee ee CJ arion nity. cette cick te niet eat Pa eee teen ee ike 180 
Totgltic. Hae SMA. Te ae Hee) interacted. ciate, anes on een nee ate eee 468 1,010 
EAST CENTRAL REGION 
IBEavertliolen ck. ctcuss tes iene secse ete cele Cheathierer eine techcrtee tere actortete WE Viak a2 Shans cette 300 
Devilst}umps®. cater. ook teeter ec BigsSouthi Pk ie. ceiesen . poeta Kyi. ak. cetsne 500 
Cumberland! Palls ive ausilaciemias «ole Gumberland S21 oe are ete Keys etl i: stor hycnemt eres oye 100 
Lower, Die Ridge ss iiss ten 0 yuh oy NeGWidt «etic. 8 ook ube Son uaa Viagtpe tio ae tec ute es 200 
Bluestone: sa us. court caso cete vis Aiko solar NEW ercok sc tis lsmonie ss sale eM pete Mee WS Vai wrnsaie engioaee 180 
SWISS a Gares fo Magee giatora anata Sian iat AS AIEY 55 coe borane alk een ee ote Wis Vaviceroa yee mre: 400 
Subtotal cis... eg yF sc siies «hos Sse 'sdlte 8 lesa Bele waits Carter eats, « UR EASES LP SEIS Gane ae CAE nee ene 1,680 
Installationssoféless iant 1OO8M Wiis o:..0 ates, os ate arora yee ol ekotle nicl aege hotel torah teea mackie eae 77 
POEL. Sos suseeip. erates ev ote hal eieyato% ia StOa oka cla vc mint pheahler eee Nees SNC ERA onekeete atet ete) ae aie en ee bay bo F 
SOUTHEAST REGION 
Blairs Hina aichte titanteteke sree tet seietencks Broad sija'5 cesteaeccteneaae eh eee akerreeregs Ss Chains ca ane arog ine 180 
Greater Wockhartaren ts. a0. cee Broadart-) sac seo oe hie creme. 9. Ci Sas o.¢ eater hoarse 250 
MLrotters Shoals teeter cee seats ore ee Savannahtneh sn. costes cele sehtees S:G:-Gar s4acee see 200 
SuganiCreekmiris. §. ets a. thao oes Elk pend | eRe. . 5 Bont nes atone Al ayer. «c¥athes sere + 100 
Celina. Ge eR Ways Sealers Cumberlandt. tani. oes ree GF ee Rete chien CaO 108 
Anthony Shoalsm ume ase ear ler Broadaaacce Rae MS mc eC OF Ra Onot, MARS OPCS 100 
WAUTCDS. SOAS mi eee er eerie (@ eles iV Pe a en pe AOE eee Gas Boson choot 108 
Upper’ Oconce*ta. eres 2 ete CONE CIN Peete Ea oiese cis os euete Stee, Gar ss ste eee ers 250 
DHUELO Ws Saeathd. ek eee Rn. oethton «a Vallapoosaatnee, wc. Ace. » Dao. s Ala@yien 2a 150 10 3.,R Reece 
Martines$ «ids be opt. «Se hides ten ie whee ‘Fallapoosa sergeri-e. 2a ee ee Alas. wae ere: 17) » ro peiste. eee 
Bmuckfawh Art sexed aes ke Cie Tallapoosa icra. «tess ys setae dtees Ala sege spices one tnet-cs 181 
CrookediiCreekmar merc more Vallapoosa wascs matte cei isan een ea: Alates bane acuta merit 135 
Subtotal rere ate chee ele Mae aes Hees lett a eM TES cong eres peo Taner meee ean tea eat ee ee 321 1,612 
Installations ‘of less(than ‘100° MWe ete toate cl eth oh ae Ree eee aes 306 421 
Total pte cas Sec sie as en ete toy! oly eth cae (egos ie ee aiaccversl ate dete ne ne yet hak eeceeinboe Tt eee 627 2,033 
WEST CENTRAL REGION 
Installations .of less than 5100, MW oscarramie UME oe ee eat anes Abts ‘opens Wie dee gee ae oe eal 69 
SOUTH CENTRAL REGION 
Wolf: Bayou. ss 7.ccucnadon es ce meere ae Whitewpi saaene .4 29 Mees ee Arkivat itch steeie: 180 
Sherwood © 2.4 (2 O21 cepa pen cine Mountain hk ya. ih ieieeepoets eraees Okla teenin. ners ace 100 
Gainesville. 2205.~ <i sictciegi ce oe telco tie 1s PRS OCA MIG AO ous hk ‘Lex.-Oklan iow +a 100 
Denison eins ce cites eee See REG .arache nate chan ctsete ereee nice Cero Tex.-Okla. .. LOS @  Paisiere sete 
Upper Antlers ier cen eee eee ae Kiamichisssmumud ccc: eretinee cke Okla ee areas trate 100 
Subtotal. «si. piss weet cypher Thigs ebay. ge Bo cs OE ROE CR PRD opts ee 105 480 
Installations of less than 100 MW 9x. ‘atic hPie scings eae Rida 1d viet tema ie na ten eee 153 80 
TOtal See cee ok ce Oe a eae He etal TERT GO EIGE theta ota tata a aera eee 258 560 


TABLE 7.6—Continued 


Installed Capacity, MW 


Name of Project River State 
Capacity New 
Addition Project 
WEST REGION 

EL WOMEOLKS rattan se Mepsicte jars 5 ele coos oe Dp blattC hen ier pees tence GLa awe sca. Colo eat int ad sea epee: 138 
LEY 0 0} 172 2 Bs "See SRE ue me eee SRD WROOte Mall an sare orci ae omits oe isso eles aoe es Montage AL) Termes simeciee «ee 
Kootenaistalise a. 2.5.0 cece uke ete Kootenaiy.2...- . 7 PER PP ec IM OntAAR ie. tie se soos 360 
ButtalovRapidssNos rind ooce scot ee Flathead 22:5 F7ee erat cs a we nate Montane fn. b450t8 oes 120 
ButtaloyRapids Nor 47420. ort. ee Flathead S25 205 yee hei aa oe Mont: Sehr ere. shee 120 
Smoky Rangests. fs cit. oases wee es ING ks Platheadieteer. cries se ore Mont. tetisccistes eee cane 190 
Spruce Parkes.gae aca tigi: teen Sutk. Plathead samen setae baanee IMOnt es eee sai neers 120 
@MuantZ Creek i.e as tien wean se eee Clarki Fork ee tig tose shee net nets MONE sett cess pee ene Oe 104 
PPCHEe OAT YVOIK. tac 54 ete ies set ee Snakeeee sees ates See a ee eee Orege ieee sn TSO MOE: PSRs 
IBEOWDICE emia anes ois cee, acl ona ets Snake psec ees tea ce en eee Idahozee cr VSOS? 3 Ws eee 
ivynne Crandall ees es etc. eee Snake wise eee se eae: oe oe eee Tdaho sss eam sr cise stars h a 240 
GardemiValleyt seria. suche ote ot SwEKS Payettess womens cae sae ee Tdaho ses eseeces see ets 175 
HOW ETESCKIVED tre aici oe eiaie Wiehe a) oe Scriver: Cireekwm « Aakracts Gace ise Tdahower scone cee 120 
MenOreme nec ote ek Oe ee ee aoe Clearwater ence. tits Se oe rae Idahotes settee seen: st 200 
Dworshakierse. shies eke ane e hee iIN@iKS Clearwaternen. + os acs ete Idahor-=-.-- GOO FIPS ora css 
| Ey EON baci aM rc Co aera Waeebro Cal WA QUueducte 2 52 sci saci Galify it sifois, atone eee or 158 
Devil Canyon=pennt.nt. ts tte ee ee EnBre Cal; Aqueduct 2. + 2565 25.5.5. Califs Sera fee Stes ae Waly 
INCNO Eyes ae ok cae ee aes nee Klamath gece tence a cleeie ies gars * OregMrrce J -int.de some eons 100 
PNSOUI Rey Ate tends. 6B so a see Snakewes sec Senta Patel oceania ws Wdahowe sere sete ac 540 
Misc let Sia k Crete pets «my - fe oie the tenes: SEE Co ARO MROTEEIONS 0 O.CLIGIROIS ici ec ucia Tahoe cipeciains 5 o's 2,415 
Eriest(Rapids's sac cypie swseho me's ce Sisceige = Columbians. sie cpigdis.c.0 detest Wiashe evans ALS Riots aE lons 
WAN AD Ul eetes terh epee oui «eit 5,5 ates 6 Columbia wives me cathe sae etek Wiashiann 5.2 499 rtaeiccvuseeies 
Ciel JasepO ts nc msec aie soo se sw mere Colum bias ears 2. cages cas 3 oe a Ss Washo 53.2.0 OT, ee amet 
Grande Goulee sic ruscnon el os oinis ols, 5s aun (Glolurmn bia feo. ee rae toca eh ae Wis hibvers erceor ED A eee Jeysvkeg cco 
Boundaryeerern rt sniper eaters tccts #e otek sy: Pend Oreillies= ies <tisvorss os oe ee ae Wis laveniee eyele 2 Ores ates ten ssa iarete 
Gat caper arse cho tuuspey ea tos cers oo sa s Kootenai fsa sian pets ge ros Nelaho were rites ete oe 100 
NOS Coast tetcroiet iss cucyatsp saaitensy'o) <-<058l > als Skapiteeice sive ec oe) eae ey okay yolorensroas Weasheversc.. =< ISSR eed Sow Seo ¢ 
ADY TAD] Ohara Hota roe TO DCEO SO SKABItr ee eyicd «Ai «RNS bias ok S een aiee Was iii sero) Vas PQ ii atehes worse yoee 
IVEOSSYTOCK iota c oy eeu syeyss sche 268 6 ows ysyis Cowlitz. a.css -uoe sbiasites 2 ors says age Washing. oe L5O ce Sans, ac opt sere 
ROCK sUSlan Ce cae. <qeyy ores ogee rs) heh saaseks Colum bias os prelates 3 ot cara! Washbsdacc.. PF at oN, 8 "> Oe 
Berig Wranklin gers, qnrsye chee, «ros cues Seam cies Colum bias ates i eae aiswes rs Wash: On = Seppe ea seo eas ks 848 
JCD EY eec.03 cic 6 ENOEIE,. OD CARCI oe Columbia. seth, pine ets bere Washsrase cnn GY Oe Ree rence ie cir 
Bonneville: sire sisieierg oi ots cislaie 0 o's 5.31550 Columbian i. sotre os tayeane. ersten es sae Oreo; erat on: BD es as Beets pst sy afd 
WHA Sins 5 ot cr oO SHE BOILERS ne NO aR HRS iS WISE ise ate fifo teaeexeene, the mre nak nacre Washiza.cie- LOSE Eteesroioretore 
Mudd yeeros close rrrs tess as & oe LOWS ee = eoaiey cle nis dees atbsuersi otra sie ise IW ashineeg tacos cn heteneea ss 110 
Teewsar bower crpe tae) eon nee slaca brs, listed Snak eres cerca chelotnmrd tereane beset Wiash etme BO Sera creme: 
ower Monumentalen.- scrote sce: Snake. Fea Sori Reeth tana ene tc: WiashiSe cer 45: siereusaid eeseasrars 
Mette: G OOSE gare diars cates epewea s,s oysoeste ss MTA See erate delehe oh ate Mee banorels torenate Sriere Wash cies ii ADS Grttes SSite 
Mower Granites. . tae ceo oie pein erent DAK Gace ayo are aetetentnd mec sision susie iain ROO VMiaSHies oe.5) coe 40 Streeter. seeks gre 

Subtotal eww ake ric cece e Mee ais, ofapas Gatto Gietain a teed NRONER coc cye sis ails ce oe avs: GeReVOl ahs sstenanty % Ue O77 6,275 

iImstallationsrotsless: than. |OOMM IW cae ete ai ecocicts eae eta ie ical ae cis autre, CRIED secre fe si 3D 1,361 

BE Otal Wyman ie wotoee Cee Peleteieeay’s RIMES scan uch esis & suger ti tas SacucpMe NM oti aioe A ce REO Oh oie waive» 7,432 7,636 

(STAN + L OCALA IES crte in sions RAE Loot ichane See ese, wr don eect eTetoNete. ols Si gulsg) aro: eA MOREE A ansice 76) ©. 2s 8,785 13,065 


*Denotes plant that would have reversible capacity in addition to the conventional capacity shown. 

1 Alternative projects are being considered for this site. 

2 Project site is in a river reach designated in the State of Oklahoma’s Scenic Rivers Act, approved March 17, 1970. 

8 Project site is in a river reach designated in PL 90-542 for study as possible addition to the National Wild and Scenic 
Rivers System. 

4 Capacity provided by increased ratings of existing units. 
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TABLE 7.7 


Possible New Pumped Storage Capacity, Projected to 1990 as of December 31, 1970 


[Listed Projects Have Installations of 300 MW or More] 


Gross Usable 
Name of Project River Basin State Head, Pondage, 
ft. ac.-ft. 
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Total gc creertrain he eterna 08 bre se teas "ara tte eo Tecate Ne A RRC SCO TL A ace Eee ae 
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New 
Reversible 
Capacity, MW 


1,000 
1 2,000 
22,000 
1,000 
1,700 
1,300 
1,950 
1,200 
2,200 


14, 350 
370 


14,720 


3750 
350 
750 
500 

3 1,600 
1,700 
1,400 
1,600 

550 
900 
1,600 
500 


TABLE 7.7—Continued 


Gross Usable New 
Name of Project River Basin State Head, Pondage, Reversible 
ft. ac. oft. Capacity, MW 
WEST CENTRAL REGION 

Mississippi near Dakota.......... Wipper Missa sere Minne ee 714 14,450 900 
Mississippi near Winona..:...... Upper Miss........ Minnie 604 8,600 450 
Oskarieeeta oie ets San suchen wae Lake Superior...... Michee see 438 21,500 800 
POL WANG S arco Maes 6 sess teisvame StmlGOuismery. cin rie Wisc... 2 448 37,100 1,400 
@olumbiagheightse ee Chippewa oeriere WSC h cenape sre 497 8,000 350 
SUDCOta leer dren ec ics eee cL coe chaiar cee mtg. deomitceuste eth t hari Se ates gy atatlient Jers,» caren ett 3,900 
installations of less: than 300 MWe ceme aatetig oni ate onus 6 ae eet ae aos cee ps sit ieee wes 25 

MEAL apse ney eas Se. ere coe NN Cea soe Ge RR en By ce SR A Oe cial hoe 3,925 

SOUTH CENTRAL REGION 

Magazine Mountain............ Arkansas «7 ohtiy ss. : WAT Kote stave esis 2,150 8,530 1,000 
Petit: [eat teen. c sists othe ate ges sce ae “ArKansasieercn rane ALK oeetier sae 774 10,400 560 
SpringsMountain. a.) -.96 oc AATKansas asics ey ALK eat ctnahtars 1,256 14, 500 1,000 
IMniladay far cie-t. -fs ioi sie Gators oe Wihitetacs sseaae coe Arkwieenscct 445 22,500 500 
Marcella criercute: steer ere herrciclens)s Whiteman oercn.c at: ALK yee tes 950 11,000 700 
HEUWOOUS li mrchrs epee trace sats we Red veneeee neers. Oklaner tees 192 (4) 500 
suskahomapiteen: merece alee Rede ctr 3 Okla oa cor gages 1,099 19,000 1,000 
Boktukol ative. sists acct che pontchs ors. si Red arrmip ences ee Okla Sree} ee 400 60,000 1,000 
Clay tomtpe get te pep eee ate oes wile sous Redivecins saiclte aca Okla rreg ct: 990 8,400 500 
Subltota leper cede peters mir st cevetedes su susncmowst SHC RR Ae cls one Chay aenacueiceesenc ke teeoucnansienershera SG wiles ere foudeies steht 6,760 
snstallations Olsess than ‘SOOM ecw <atere whois, he's suo evaigicts se ds oieis eins 6 WHA iw Stiajae ss Pb eislche § 260 

ELOtaleeewae tara seu sep els nicietem Laren omvers esate euchiehepiuaye ts ie e's hie gens etal nae Jobe dire stoicial patie desc oRrpet Bae 7,020 

WEST REGION 

lavastglake way ss «seinem eels sss @oloradomr irae ATIZ ease he 1,020 25,000 8 1,000 
INoxthern Californias ceeiereceye ocr eerie elt nicks cucretene uel chon Clalit Se weerciatiey take mutcnsctos eet Stes eae 1,000 
Gentrals@aliformiatere aes orice oer nee era sorts felon teil © Galifewec saci tisetcetcne crore oe Teieiorciere eaten ans 1,000 
Glastalcen. wy. as tee Eee eo mtcine © Santa Clara........ Galifta wei... 1,048 10,000 ® 800 
Soucnerw California No. Ve in eccisige tits vas se ed sitet Alife ateeAn ube wists Kiceycis sa a0 Rt laie oy acannon 1,500 
Southerns@aliforniasNO.c2aesde a. tite eaten ro ae Califa tien ayocron tee aie cei nena 1,500 
INL OT CEP MNT ae tess akc5) 3 ie S a6 es oe Gilaviy.: 2 o.cenieoe AATIZ ater eae 1,660 7,000 10 1,000 
Blain Mountaineae ec lace Wihite ssa chase oc Colo: Frias. 2,200 2,000 B92) 
Antilloneleakemen  occecrse ain lec Chelanterer ices Washineminris 1,290 2 ROO 1,000 
SUDtOtal eeu mery ate care: eaMede ctorettenets o cas tc ame Srveec inns coe cites eiweeney sieaske sisie shesers arate wisi eh stars nesses 9325 
Enstallations ofjless:thansSOQOUMiW rig crept u cuss cite rs} sacs occesrasiclaten ahet eqs teisua Secu natal es) sic ace esi ahs inbsl-g eusieyene Te 

otal Meer van ts ee alts Qernamieh ler ys aie hist cGis pede hetalsm Ginn ae «otto aie oekers Sissi e 4 aici 10,042 
(Geer ANCLEN Sia. Biles 6 min ciienatucrerer ream aOR ic. Ooi) SSC Conca Rr crceiecte nen a Pee cR x ar mn 2 Cr, ee 58, 798 


*Denotes plant that would have conventional capacity in addition to the reversible capacity shown. 
1 Preliminary permit issued July 26, 1971. 

2 License issued August 19, 1970, is being contested. 

3 Application for license is pending. 

4 Pondage would be available from a large mainstream reservoir. 

5 Application for preliminary permit is pending. 

6 Capacity addition at a licensed project. 

7 Project site is in a river reach designated in the State of Oklahoma’s Scenic Rivers Act, approved March 17, 1970. 
8 Preliminary permit was issued November 18, 1970. 

® Application for license is pending for this capacity plus 400 megawatts under construction. 

10 License has been issued for 505 megawatts, but construction has not started. 
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CONVENTIONAL HYDROELECTRIC CAPACITY 
New and Expanded 
Projected to 1990 


Capacity, Mw | Expanded 


100 - 499 


Over 499 


Note: Excludes all reversible capacity and conventional capacity 
in plants or plant additions of less than 100 mw. 


Figure 7.13 
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REVERSIBLE HYDROELECTRIC CAPACITY 


Existing and Under Construction as of 


y December 31, 1970 and Projected to 1990 


s 
te 


Capacity, 
Mw 
| 300-999 


Note: Excludes all conventional capacity and plants 
with reversible capacity less than 300 mw. 


Existing & Under | New | 
Construction | 


Figure 7.14 


of five to six thousand megawatts of hydroelec- 
tric capacity. It is possible that in the 1975-80 
period a substantial tie, possibly direct current, 
connecting Winnipeg, the Iron Range, and the 
Twin Cities may be feasible to utilize about 800 
megawatts of capacity from the Nelson River. 


Potential sources of imports from British Co- 


lumbia include about 7,000 megawatts of unde- 
veloped capacity on the Peace and Upper Co- 
lumbia Rivers. However, normal Canadian load 
growth is expected to absorb this capacity by 
the mid-1980’s. 


Tidal Power 


Consideration has been given to harnessing 
the power in ocean tides. Tidal ranges, the 
height between high and low tides, vary 
throughout the world. The greatest tidal ranges 
exceed 50 feet and occur at the head of the Bay 
of Fundy off the eastern cost of Canada. Al- 
though the potential for developing tidal hy- 
droelectric power is great, very little has been 
developed, principally because of the great cost 
of constructing dams in deep water where veloc- 
ities resulting from the tides are high. 


The Rance project, built in the estuary at the 
mouth of the Rance River in France, is the only 
large tidal hydroelectric development in the 
world. It has an installed capacity of 240 mega- 
watts in 24 units of 10 megawatts each. There 
are no tidal projects in the United States, but 


extensive studies have been made of a poten- 
tial development in Passamaquoddy Bay along 
the international boundary between Maine and 
New Brunswick. These studies have shown that 
the development of power at such a project 
would not be economically justified. 

In October 1969, the Atlantic Tidal Power 
Programming Board submitted a report to the 
Government of Canada and the provincial gov- 
ernments of New Brunswick and Nova Scotia on 
the feasibility of tidal power development in the 
Bay of Fundy. Twenty-three sites were examined 
and the three sites which appeared to offer the 
best possibilities for economic power develop- 
ment were studied in detail. It was found that 
the three sites could be developed to produce 
in excess of 13 million megawatt-hours of electric 
energy annually, but that development would 
not be economically feasible under prevailing 
circumstances. —The Board recommended that 
additional detailed studies of tidal power devel- 
opment in the Bay of Fundy be authorized 
when (a) the interest rate on money drops suf- 
ficiently to suggest the possibility of an eco- 
nomic development; (b) a major breakthrough 
in construction costs or in the cost of generating 
equipment suggests the possibility of designing 
an economic tidal power development; (c) pol- 
lution abatement requirements magnify, sub- 
stantially, the cost of using alternative sources of 
power; or (d) alternative sources of a more eco- 
nomic power supply become exhausted. 
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CHAPTER 8 


GAS TURBINES, DIESELS, AND TOTAL ENERGY SYSTEMS 


Introduction 


Gas turbines and diesel engines are prime 
movers of small to intermediate size compared 
to steam turbines used to drive large, modern 
generating units. Diesels have for years been the 
principal source of energy on many small elec- 
tric systems to meet both base load and peaking 
requirements. A few small systems use gas tur- 
bines in a similar manner. Gas engines, gas tur- 
bines, and diesel engines are the prime movers 
generally used to produce electric power for 
“total energy” systems, or to serve as backup 
generation in the event of the loss of the nor- 
mal source of supply. 

The principal applications of gas turbines 
and diesels on large power systems include peak- 
ing, standby service, emergency power for safe 
rundown or black start at steam-electric plants, 
end-of-line regulation, and reserve. Because of 
short lead time for manufacture and installation 
of gas turbines, many systems have installed sub- 
stantial amounts of such capacity to offset delays 
in the completion of the desired source of gen- 


Figure 8.1—The City of Freeport, New York, owns this 
9.5-megawatt unit, one of the largest in the United 
States. 
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eration, and to meet unexpected increases in 
load. 

Until recently, the load growth of predomi- 
nantly thermal systems has been met by installa- 
tion of efficient steam-electric generating units, 
thus displacing older and less efficient thermal 
units into a peaking or reserve operation. Such 
an expansion procedure was reasonably satisfac- 
tory when each new increment of capacity re- 
flected a substantial improvement in efficiency 
over units previously available. As larger units 
were installed and rates of steam-cycle improve- 
ment slowed, that procedure did not always 
provide the best over-all system economy. It 
then became necessary to investigate the alterna- 
tives offered by combining peaking capacity of 
various kinds with more efficient but higher 
capital-cost base-load units. 

Ideally, peaking capacity should be: low in 
capital cost, able to start quickly, operate satis- 
factorily at partial load, require little man- 
power, and be capable of remote operation. 
Low energy cost is, of course, desirable, but it is 
of secondary consideration because relatively 
small amounts of energy are produced. Even if 
energy costs are high, low annual fixed charges 


Figure 8.2—Boston Edison Company’s Substation in Fram- 


ingham, Massachusetts, has 
turbines. 


three 15-megawatt gas 


I-8-1 


and labor costs may make gas turbines or simi- 
lar types of capacity the most economic choice. 


Gas Turbines 


The combustion gas turbine consists typically 
of an axial-flow air compressor, one or more spe- 
cially constructed combustion chambers where 
liquid or gaseous fuel is burned in an excess of 
air, and a power turbine of two or more stages 
where the hot gases are expanded to drive the 
compressor and generator. Basic elements are il- 
lustrated diagrammatically in figure 8.3. Com- 
pression ratios are typically in the order of 8:1 
to 14:1 for industrial and aircraft types, respec- 
tively. Nearly two-thirds of the total turbine 
horsepower is required to drive the compressor. 
Temperature of the gas stream entering the tur- 
bine will be about 1800°F at peak rating and 
exhaust temperatures will be 950°F or slightly 
higher. 

The appeal of the gas turbine plant lies 
mainly in the fact that it is a simple rotating 
machine which requires no boiler, boiler water 
and water treatment; needs no condensing 
water, and therefore rejects no heat to water 
bodies; requires a minimum of power-consum- 
ing external auxiliaries; and involves minimal 
siting, housing, and foundation problems. The 
sulfur dioxide emission depends on the sulfur 
content of the fuel being used, but it is nor- 
mally low. Nitrogen oxide emissions are slightly 
higher than those of a comparable-sized fossil- 
fueled steam-electric unit. 

The concept of the gas turbine goes back into 
the early history of energy conversion devices. 
In 1791, a patent was issued on the basic fea- 
tures of the gas turbine, and various other pat- 
ents have been issued over the years. However, 
low compressor efficiencies and lack of high-tem- 
perature, high-strength metals held back devel- 
opment of the device as a practical prime mover 
until demands for higher speed aircraft forced 
the necessary research. 

In its earlier phases of development, a great 
deal of study and research was devoted to inves- 
tigation of complex design concepts to attain 
high energy conversion efficiencies with little re- 
gard to costs. Multi-stage compression with in- 
tercooling was employed as was regeneration to 
afford partial recovery of heat remaining in the 
exhaust gases after they have expanded through 


a multi-stage turbine element. Regenerators and 
complete cycle systems are illustrated in figures 
8.4 and 8.5. Brown Boveri, a Swiss firm, built a 
two-stage 27,000-kilowatt set having a guaran- 
teed efficiency of 34 percent as early as 1947. 

Precooling, intercoolers in the compression 
phase, and regenerative elements add considera- 
bly to the cost and complexity of the installa- 
tion and are not readily adaptable to the air- 
craft type of gas (jet) engines so extensively 
employed today. Precooling and intercooling re- 
quire substantial amounts of water with associ- 
ated pumping and possibly cooling tower facili- 
ties. Both coolers and preheaters impose some 
additional pressure losses on the gas stream, and 
the added complexities increase start-up and 
loading time from a very few minutes with the 
aircraft-type jet engine units to a half hour or 
more for the so-called “complete cycle” installa- 
tion. To date, the utility industry has not em- 
ployed these more efficient but more costly and 
complex. cycles because the fuel saving for the 
usually short periods of operation does not jus- 
tify the extra investment. The most efficient 
compressor in general use in 1970 is the axial 
flow type introduced commercially shortly after 
1900 and since improved to its present efficiency 
of approximately 85 percent. 

The simple open-cycle gas turbine-generator 
unit is the gas turbine design most widely used 
by the industry today. It has a low capital cost 
of $80 to $100 per kilowatt, is relatively quick 
starting, is compatible with a wide choice of site 
locations, and is readily automated. Following 
the widespread power interruption in the North- 
east in November 1965, these units have become 
increasingly popular as sources of reserve power 
and for providing start-up power in case all sys- 
tem power has been lost. 

Single unit plants of the simple open-cycle 
type are pre-engineered and pre-packaged to 
minimize field labor. Units on the order of 20 
megawatts are shipped assembled, but larger 
ones are erected in the field on concrete slab 
foundations. Typically, plants include provision 
for remotely controlled unattended operation, 
and are furnished with a self-contained cooling 
system and weatherproof housings. 

The gas turbine has received rather wide ap- 
plication as an industrial prime mover, and 
starting in the early 1950’s has been used in 
peaking and end-of-line applications for voltage 
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SIMPLE OPEN-CYCLE GAS TURBINE 


COMBUSTION CHAMBER 


OUTPUT 


COMPRESSOR TURBINE 


Figure 8.3 


SIMPLE OPEN-CYCLE GAS TURBINE 
WITH REGENERATION TO RECOVER 
PART OF THE HEAT IN THE EXHAUST 


COMBUSTION CHAMBER 


REGENERATOR 


Figure 8.4 


COMPLETE-CYCLE GAS TURBINE_Y 


INTERCOOLER COMBUSTION CHAMBER 


PRECOOLER 


INTERCOOLER COMBUSTION CHAMBER 


COMPRESSOR COMPRESSOR 
OUTPUT COMPRESSOR 


TURBINE TURBINE 


REGENERATOR 


-/ This Complete Cycle has multiple compression Stages with intercooling, 
two stages of combustion and expansion, and regeneration to recover part 


of the heat in the exhaust. 


Figure 8.5 
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control in the electric utility industry. Early ap- 
plications were in sizes of 5 to 10 megawatts. 
Since about 1960, combustion turbine installa- 
tions have increased in size to a range of 18 to 
60 megawatts on a single turbine drive, and to 
160 megawatts, using multiple turbines on a sin- 
gle generator shaft (see figure 8.6). Develop- 
ment work is in progress on units up to 100 


megawatts with gas turbine inlet temperatures of : 


2000°F and above. These may be available by 
1980. 


Combustion turbines are equipped to burn ei- 
ther liquid petroleum fuels or natural gas, and 
may be installed to burn either fuel inter- 
changeably. Most manufacturers are marketing 
an arrangement which permits changing be- 
tween liquid and gaseous fuels while operating 
under load. Liquid fuels used are light petro- 
leum distillates with a viscosity similar to kero- 
sene or light fuel oil, typically the type used in 
aircraft. Liquid fuel prices are subject to consid- 
erable variation, and in 1970 were in the range 


of 70 to 90 cents per million Btu. Natural gas, 
when available at off-peak rates, may cost ap- 
proximately half this amount. However, if the 
unit is to serve the function of firm capacity for 
peaking and reserve, it must be capable of oper- 
ation at all times. Thus, the most common ar- 
rangement is a dual fueled installation using 
liquid fuel only when natural gas is not avail- 
able. Residual and crude oils are being consid- 
ered for use by newer gas turbine units and 
some units are being sold with this capability. 


Since the combustion turbine uses large vol- 
umes of air, and compressor speeds are very 
high, sound suppression treatment is required to 
keep noise levels within reasonable limits. Com- 
monly, silencers are employed on both intake 
and exhaust. Manufacturers claim that with ap- 
propriate treatment, noise can be reduced to 
levels which would permit installation in resi- 
dential neighborhoods. Most installations, how- 
ever, are in the yards of existing plants or at 
major substations where adequate space may be 


Figure 8.6—Eight aircraft jet engines drive 4 expander turbines direct-connected to 3600 r/min. generator. 
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Figure 8.7—South Carolina Electric & Gas Company’s 
gas turbine and heat recovery complex. Waste heat 
from the turbines, augmented by oil or gas heat, pro- 
duces steam for use at the nearby Parr Steam-Electric 
Plant. 


available and connections with the transmission 
network can be made at minimum cost. 

Aircraft type gas turbines are used extensively 
for electric power generation. Modifications of 
aircraft jet engines provide a high energy flow 
of hot exhaust gas which serves as the working 
medium to drive the expander turbines and 
electric generator. For these units, the expander 
turbine is a separate unit directly connected to 
the generator shaft, thus eliminating geared 
drive. The entire jet unit may be removed for 
maintenance and replaced with a spare (in some 
cases, a factory exchange unit) in about eight 
hours. 

Operating labor costs for gas turbine units are 
low since the plant is generally automated. 
Maintenance requirements vary widely depend- 
ing upon such factors as loading and fuel qual- 
ity. Both aircraft and industrial type gas tur- 
bines require on-line inspection every 500 to 
1,000 hours of operation, and a major overhaul 
after 2,000 to 5,000 hours operating time if run 
at normal loads and reasonable capacity factors. 
Maintenance costs would be higher on units 
which are started frequently and run for short 
periods. 

Units normally can be started, synchronized, 
and loaded automatically within 5 to 20 min- 
utes, and with some recent designs emergency 
starts can be made in as little as three to five 
minutes. This feature alone can provide signifi- 


cant start-up and standby savings when com- 
pared with steam peaking capacity as an alterna- 
tive. 

Combustion turbine generating units are 
usually installed with a view to operating 500 to 
1,000 hours per year on load. Since they can be 
quickly started and loaded, they serve as ready 
reserve even when shut down. Full load heat 
rates, based on the high heating value (HHV) 
of petroleum fuel, are in the order of 12,500 to 
15,500 Btu per kilowatt-hour for current de- 
signs, and may range upward to 17,000 Btu for 
earlier units. Low-load heat rates are so high 
that units are usually operated at or near full 
load when needed, then completely shut down. 

In order to overcome some of the problems 
and limitations imposed by temperatures and 
materials, and to provide peaking units of larger 
size, two manufacturers have developed and of- 
fered for sale a steam injection gas turbine con- 
cept with units of 200 megawatts. The cycle em- 
ploys a steam boiler and a steam turbine, the 
output of which matches requirements of an 
axial-flow compressor providing combustion air 
for a double flow gas turbine which, in turn, 
drives a 200-megawatt electric generator. Water 
is fed to the boiler where steam is generated 
which then passes through the noncondensing 
steam turbine on its way to the combustion 
chamber. Air from the axial-flow compressor 
provides combustion air in the primary zone, 
and the steam being introduced into the second- 
ary zone cools the products of combustion. This 
mixture is expanded through a double flow gas 
turbine, then through the boiler for waste heat 
recovery before exhausting to the atmosphere. 
The boiler requires supplemental firing to pro- 
vide sufficient steam to balance the cycle and to 
maintain the unit in condition for quick start-up 
in an emergency. The steam cycle requires 100 
percent make-up water, but this may not be ex- 
cessive for low capacity factor (peaking) operat- 
ions in many areas. 

The manufacturer’s performance curve for the 
steam injection peaking plant indicates a heat 
rate of approximately 14,900 Btu per kilowatt- 
hour at full load increasing to about 16,300 Btu 
per kilowatt-hour at 50 percent load, These heat 
rates are in the same range as those of combus- 
tion turbine units. A two-unit, 400-megawatt 
plant might be expected to cost in the neighbor- 
hood of $75 to $100 per kilowatt, depending on 
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site conditions and other factors. To date, none 
has been put in service. 

Combined-cycle units may find use in the fu- 
ture as intermediate cycling units filling longer 
term use, justifying the higher cost in return for 
better efficiency. The capacity of the 133 mega- 
watt plant shown in figure 8.8 is greater than 
the total of the separate capacities of the 25 
megawatt gas turbine (on the left) and the 85 
megawatt steam turbine (on the right). The 
exhaust from the gas turbine is used as precom- 
bustion air for the boiler serving the steam 
turbine. The prospects for combined cycle gas 
turbine-steam turbine applications are discussed 
in chapter 5. The possible use of a gas tur- 
bine in combination with a high temperature 
gas-cooled nuclear reactor to produce base-load 
power is discussed in chapter 6. Research and 
development efforts in the gas turbine field are 
covered in chapter 21. 


Installations and Scheduled Additions 


There were more than 500 gas turbine units 
in operation at the end of 1970. Those units 
provided about 15,000 megawatts of capacity. 
Substantial amounts of additional gas turbine 
capacity are on order or planned for 1971 and 
later. Gas turbines will then constitute as much 
as 20 percent of the total capacity of some sys- 
tems. In some instances, this may result in the 
necessity to operate gas turbines more hours per 
year than may generally be desired. However, if 
delivery and installation schedules on other 


Figure 8.8—West Texas Utilities Company’s combined 
cycle 133-MW gas and steam turbine installation at 
the San Angelo power plant. 


types of capacity improve, so that the utilities 
can confine new installations to base load type 
of capacity additions, the situation should cor- 
rect itself through growth in system loads. 

Gas turbine installations are expected to in- 
crease from about 15,000 megawatts in 1970 to 
32,000 megawatts in 1980 and 63,000 megawatts 
in 1990. This reflects a minimal increase from 
4.4 percent of total utility capacity in 1970 to 
5.0 percent in 1990. These estimates do not in- 
clude gas turbine prime movers which may be 
incorporated as part of the conventional steam 
turbine cycle or magnetohydrodynamic genera- 
tion, or which may find application in conjunc- 
tion with the high temperature gas-cooled 
breeder reactors. Such installations are not ex- 
pected to provide significant amounts of new 
capacity prior to 1990. 


Diesel Engines 


Diesel engine-generator units for central sta- 
tion power service generally fall into two broad 
categories. Those of the slow speed, heavy duty 
base load design (see figure 8.9) or of the inter- 
mediate speed, lighter weight, prepackaged 
building-block type (figure 8.10), the latter are 
generally about two megawatts in size. The 
former are manufactured in sizes to approxi- 
mately six megawatts domestically, and are re- 
portedly offered in sizes of 20 to 25 megawatts 
by some foreign manufacturers. 

Diesel engine units have been used for both 
base load and peaking operations for many 
years. The diesel cycle offers relatively high 


Figure 8.9—Six-cylinder 6,000-horsepower Fairbanks Morse 
diesel generator set. 
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Figure 8.10—These two 2-megawatt diesel units, owned 
by Wisconsin Public Service Corporation, are designed 
for automatic operation or for remote control operation. 


efficiency over the entire size range in which the 
units are manufactured. Diesel engine units are 
much more efficient both at full and at partial 
loads than either gas turbine or small steam tur- 
bine units. Diesel units can be started and fully 
loaded in less time than any other form of gen- 
eration except hydro. 


Diesels are capable of remote start and com- 
plete supervisory or automated operation. A 
principal drawback is that even in the largest 
sizes commonly manufactured domestically, they 
are smaller than is usually desired in expand- 
ing modern systems. 


Straight diesel, supercharged diesel, and dual 
fuel engines are available. Typically, each en- 
gine is mounted on a structural steel base and is 
enclosed, together with lubricating and cooling 
equipment, and all other accessories, in a sound 
suppressing and weatherproof housing. Neces- 
sary automatic control equipment is housed in a 
separate control cubicle. These packaged units 
can be shipped on freight cars and trucks to the 
site and installed outdoors. Very little is re- 
quired in the way of foundations which may 
consist of crushed rock and railroad ties or sim- 
ple concrete piers. The packaged diesel units are 
obtainable in ratings from 1,100 to 2,750 kilo- 
watts and are usually combined to provide 
plants of two to four units. One utility company 
has installed 11 units at one site. 


Diesel units offer wide latitude for site loca- 
tion. As in the case of the gas turbine, only a 
small amount of make-up cooling water is re- 
quired. A piped-in fuel supply is needed if the 
unit is to operate on natural gas. 


Current installed cost per kilowatt is approxi- 
mately $100 for the larger installations and the 
heat rate under full or partial load is about 
12,000 to 13,500 Btu per kilowatt hour. 

Diesel units are well-suited, both operation- 
ally and from the standpoint of fuel economy, 
to part-load operation. They can be efficiently 
operated under lightly loaded conditions as they 
provide spinning reserve. This feature is a dis- 
tinct advantage contrasted to gas turbines, 
whose no load fuel requirements approach 50 
percent of those for full load operation. Other 
favorable features of diesel units include porta- 
bility, very short installation time, and availabil- 
ity in small ratings for close load matching. 

Many utilities are installing diesel generators 
in large steam-electric plants to provide emer- 
gency capacity for safe shutdown and to permit 
plant start-up when isolated from outside 
sources of power. The larger power systems sel- 
dom install diesels for peaking use only. Porta- 
ble units are sometimes moved to serve better 
the needs of the system. Diesel electric generat- 
ing capacity for general utility service is ex- 
pected to increase from about 4,000 megawatts 
in 1970 to 8,000 megawatts in 1980 and to 
12,000 megawatts in 1990. 


Total Energy Systems 


A total energy system provides on-site genera- 
tion of electric power for lighting and all other 
electric requirements and the utilization of all or 
part of the waste heat created by this generation 
for space heating, air conditioning, water heat- 
ing, steam production, etc., to meet all the 
energy requirements of the project owner. Each 
total energy system is, in fact, a mini-electric 
utility system; faced with the same problems of: 
diversity, reserve capacity, maintenance outages, 
and equipment failure. ‘Vhe total energy system 
usually must rely entirely on its own resources 
to meet peak demands and provide for regularly 
scheduled maintenance work and emergency 
outages, whereas the central station can usually 
depend on the interconnected network for assist- 
ance in time of trouble. Conversely, the total 
energy system is not affected by external network 
disturbances. 

Total energy installations vary with the many 
combinations of prime movers, fuels, heat recov- 
ery systems, cooling units, power requirements, 
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and users of recovered heat. Historically, on-site 
generation has been a by-product of industrial 
operations where the prime need was process 
steam. However, in recent years there has been 
increasing interest in total energy systems for 
shopping centers, motels, apartment complexes, 
schools, and similar types of markets, primarily 
because of: (1) the almost universal use of air 
conditioning, (2) the widespread use of absorp- 
tion refrigeration equipment, (3) the develop- 
ment of sophisticated automatic control equip- 
ment, (4) improvements in the gas turbine, (5) 
widespread availability (until very recently) of 
natural gas via high-pressure gas transmission 
lines, and (6) the use of high-frequency lighting 
and high-speed motors. The promotional activ- 
ity of the natural gas companies has been a nec- 
essary catalyst to the rise of total energy systems. 


The two currently predominant types of 
prime movers for total energy systems are the re- 
ciprocating engine and the gas turbine. The re- 
ciprocating engine is versatile and reliable as a 
power source and heat can be recovered from 
the water jacket, lubricating system, and ex- 
haust. Gas turbines are being used at an increas- 
ing rate because of their mechanical simplicity, 
inherent reliability, and the availability of ex- 
haust heat at a positive pressure and a tempera- 
ture range of 700 to 1000°F. There are a few in- 
stances where both reciprocating engines and 
gas turbines are being utilized together in total 
energy systems. The number of plants in opera- 
tion by type of prime mover is given in table 
8.1. 

For the most economical operation of a total 
energy system, the rejected heat of the prime 


TABLE 8.1 
Total Energy Systems ' 


Type of Prime Mover No. of Plants 


Gasi turbine. Gets see See ee 58 
Gas -engitie: juts Ves sane eed 259 
Diesel engine 2255). Paw. dems teaar. 2M} 
Dual-fuel engine. as. cee ae eee nee 17 
Combination (more than one of above)... 1W/ 
Steant turbine’: oh. dc... eee be eee ' =) 

otal eae cscs wee oe Me eae 383 


‘From TOTAL ENERGY (January 1971). 
* Three of these plants also have other prime movers 
installed. 


mover should substantially and simultaneously 
balance the heat requirements because the stor- 
age of rejected heat is not practical. Since 60 to 
80 percent of the fuel input for power genera- 
tion appears as rejected heat, its recovery is a 
fundamental consideration in the economic fea- 
sibility of a total energy system and the use of 
this recovered heat for both heating and cooling 
is essential for satisfactory energy utilization. 
Cooling equipment of the absorption type pre- 
dominates over compression refrigeration since 
it uses the heat energy of low-pressure steam, 
rather than mechanical energy, to operate the 
refrigeration cycle. 

There is no simple method for analyzing the 
economic feasibility of a total energy system. 
Each proposed installation must be investigated 
individually, considering all capital revenue re- 
quirements and all operating costs, such as fuel, 
labor, supervision, lubricating oils, water re- 


TABLE 8.2 


Total Energy System Installations ! 


Category No. of Plants 
ADariments 7. oi eee a eee eer ee 22 
Building materials. 27. 0..80) see ee 10 
Gattle feedersmemrrctse ace sen) eee 4 
Dairies andicreameriesse sacle eee 3 
Datat centers: casts. sac nates ea ee 9 
BdtucationalsinstitUtions ernie nin een 35 
Peeu-and. GT alin «sign sca ete atc nit een 7 
Government taciliticssnn a re amet tt 6 
{lospitalsrand (clinics aaaeni seers 14 
Hotelsrand motels et ere ake eee 12 
Manufacturing and process............. 80 
Meat packine-...5 14 miasmin ee heen 3 
Minin gyre digas cals aich emery Estomac tide a 
Office Building 
Gas companiesin sari ate eta ee 243 
Other acne) en en oe ee 19 
Radiow lV. stations.) oohaee ae Hea A, 4 
Recreation centersn.7 se oe eee 3S 
IRiepaireshopstimmas: carts ere tect ona 2 
Service centers 
Gas COMPANIES Ne... saa a ees ae 226 
Others oe erin trance hoe eee 13 
SHOppIneycenters ie ere eeeeeee 30 
DLOLES ANG MATKetS sea.s eyecenent eee eRe 8 
Other gas company facilities............ 214 
Others’ evar). Shere (YE Lane ok ne ae 14 
GO tat ser ives ccgeesborss nk Wie ae eee ee 383 


1 From TOTAL ENERGY (January 1971). 
* The total of the gas company installations is 83. 
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quirements, the overall heat balance throughout 
an operating year, and the system reliability. 

The total energy concept is being applied to a 
wide range of customer categories as shown in 
table 8.2 which lists total energy installations in 
operation in 1971. Since 1962 there has been an 
annual growth of approximately 90 megawatts 
in total energy systems. The Edison Electric In- 
stitute reports that 20 total energy systems had 
been shut down for various reasons and shifted 
to the use of purchased power prior to January 
1968. ‘These 20 systems had an installed capacity 
of 15 megawatts. Probably the three principal 
reasons why some local energy systems have not 
proved satisfactory are: (1) excessive operating 
and maintenance costs, (2) inadequate relia- 
bility, and (3) insufficient firm capacity for con- 
nected load. Despite the shutdown of a number 
of total energy projects, experience has dem- 
onstrated that they can be a reliable source of 
electric service if properly designed with ade- 
quate load-carrying capability, an adequate re- 
serve generating supply, a good control system, 
and an adequate maintenance program. 

It appears that total energy systems will con- 
tinue to be installed in industrial processing 


plants, and commercial establishments, where 
an economic balance exists between power and 
heating loads. Presently, single dwelling units 
do not appear adaptable to total energy systems 
as conceived because of their relatively small 
energy requirements. Future expansion in use of 
total energy systems is difficult to predict because 
the economics and reliability of these systems is 
still uncertain without an alternate or emer- 
gency source of supply. 

A movement is developing within the elec- 
tric utility industry to embrace the responsi- 
bility of providing not only electric service but 
also heating and cooling in areas of concen- 
trated demand. In some instances, this may be 
accomplished by utility ownership of on-site 
generating facilities coordinated with central 
station service. Electric utilities probably could 
meet the customers’ needs on a more reliable 
basis and with more flexibility than can be 
achieved with individual customer ownership. If 
total energy systems find a sizable place in serv- 
ing electric power requirements in the future, 
it appears likely the electric utility industry will 
enter the field. 
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CHAPTER 9 


OTHER FORMS OF GENERATION 


Introduction 


The search for new forms of generation is 
prompted by the utility industry’s constant ef- 
fort to improve operating efficiency, military 
and space requirements, and the need to find 
new sources of energy to provide power with 
relatively less impact on the natural environ- 
ment. 

Researchers throughout the world have been 
investigating many sources of energy in their ef- 
forts to develop new generating methods. The 
researchers have demonstrated the technical fea- 
sibility of producing electricity from heat 
sources in the earth and from the energy of the 
sun, wind, waves, and tides, as well as falling 
water. They are considering the possibility of 
harnessing the earth’s magnetic and gravitational 
fields, the earth’s rotational energy, and the 
energy stored on the moon’s surface by years of 
electron bombardment from the sun. Generating 
methods related to these energy sources have 
been investigated to determine the degree of 
promise they hold and the usefulness of ap- 
plicable technology in other fields. 

Of the many research efforts, several that hold 
particular interest for the utility industry are 
thermionic, thermoelectric, solar and geothermal 
generation; fluid-dynamic converters, the nu- 
clear fusion reactor, and the development of 
fuel cells. Nuclear researchers are also actively 
involved in the development of breeder reactors 
to optimize the use and increase the availability 
of nuclear fission fuels. A discussion of the 
breeder reactor program is presented in chapter 
6. 

Most major thermal electric generating units 
today include massive rotating devices which act 
as thermal-energy converters. Fuel is burned to 
develop heat energy. The heat energy is trans- 
lated into mechanical energy and the mechanical 
energy, in turn, transformed into electrical en- 


ergy. In such thermo-mechanical processes the 
overall efficiency is inherently limited by basic 
thermodynamic principles. Even with no me- 
chanical losses within the system the thermal 
efficiency is limited by the inlet and exhaust tem- 
peratures within which the system is to operate. 
This is called the Carnot cycle efficiency and is 
expressed as a ratio of the inlet-exhaust tempera- 


ture differential to the inlet temperature eaiks 
measured in absolute degrees. Practical systems 
involve internal losses and therefore can only 
approach Carnot efficiency. Past efforts to in- 
crease the efficiency of these systems strove to 
improve the Carnot efficiency and to improve the 
technology used to transform energy from one 
form to another. Since all heat engines must 
ultimately exhaust to the ambient environment, 
efforts to improve the Carnot efficiency have 
been directed toward increasing the inlet tem- 
peratures. Results have been limited, however, 
by the ability of available materials to withstand 
mechanical stress at high temperatures. Fossil 
fueled steam-electric generating units being in- 
stalled today have overall efficiencies of nearly 
40 percent. Because of their massive size, enor- 
mous rotational stresses and steam temperatures 
and pressures, the units operate at or very close 
to the metallurgical and mechanical limits of the 
materials used in their construction. The difh- 
culty of obtaining additional economic increases 
in efficiency within these systems, and recent de- 
velopments in other technological areas have led 
to consideration of other electrical energy sys- 
tems; particularly those involving direct energy 
conversion. Such systems would eliminate inter- 
mediate energy transformation stages and the 
massive rotational stresses, thereby allowing the 
use of higher inlet temperatures and making 
possible the attainment of higher overall efh- 
ciencies. Most of the new generating methods 
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discussed below are of the direct energy con- 
version variety, and possess these characterisitcs. 
Many of the systems also hold considerable 
promise for reduction of adverse effects on the 
environment. 

None of these other forms of generation ap- 
pear to provide an immediate solution to any of 
the problems facing the utility industry today. 
Several of the processes being studied are realiz- 
ing limited success in small to moderately-sized 
installations, notably geothermal generation and 
the fuel cell. Geothermal power will be expand- 
ing appreciably by 1990, but will not be gener- 
ally available to the entire industry. Wide-scale 
application of fuel cells in central station gener- 
ation seems an unlikely eventuality. ‘They may, 
however, be developed for at-site applications 
and use in substations, possibly by 1980. Most 
promising in the near term for central station 
generation is MHD, but a substantially in- 
creased support level will be required if this po- 
tential is to be realized. Other techniques such 
as thermionic, electrogasdynamic, or thermoelec- 
tric generation seem much further away, barring 
significant technological or commercial break- 
throughs. Direct utilization of solar energy for 
bulk power generation, attractive largely be- 
cause of the ready availability of this resource, 
appears to be even more remote. Perhaps the 
greatest potential for the future lies in the con- 
trolled fusion reacton, but even with a commit- 
ment today it might require many years beyond 
this survey’s target date of 1990 for a timely 
development of this technology. 


Magnetohydrodynamics 


Magnetohydrodynamic (MHD) power gener- 
ation is accomplished by passing a hot ionized 
gas, or liquid metal, through a magnetic field. 
Substitution of the fluid conducting medium for 
the rotating metallic conductor of existing tur- 
bogenerators enables the utilization of high tem- 
perature (4000-5000°F), one stage conversion 
devices which offer higher overall efficiencies. 
Though the concept of MHD generation has 
been known for over 100 years, it is only in the 
past decade that significant technological ad- 
vancements have produced systems which offer 
promise for use in the electric power field. 

Three basic approaches to MHD generation 
are being explored today. These are broadly 


classified as open-cycle, closed-cycle, and liquid- 
metal systems. 


Open Cycle 


The basic open-cycle system consists of a high 
temperature rocket-like combustion chamber, a 
conduit or channel to transmit hot ionized gas 
through a magnetic field, and a high perform- 
ance magnet to establish the necessary magnetic 
field. It employs a working gas produced by the 
combustion of fossil fuels and the addition of 
compounds (seeding) containing easily ioniza- 
ble elements which are introduced to increase 
the electrical conductivity of the gas. 

The combustion of fossil fuels in an atmos- 
phere of oxygen-enriched and/or preheated com- 
pressed air containing seed material develops a 
high temperature, highly ionized, gas. The gas is 
released, at very high velocities, through the 
combustion chamber exhaust nozzle and passes 
through an MHD channel and magnetic field, 
inducing a dc voltage between electrodes imbed- 
ded in the channel walls. 

MHD open-cycle generation, used as a “top- 
ping unit,” in conjunction with present steam- 
turbine generation, appears to hold the most 
promise for MHD central-station power genera- 
tion in the near future. Utilizing the higher 
temperature characteristics of MHD to increase 
inlet temperature and the MHD exhaust heat to 
supply steam for steam-turbine generation, the 
overall system efficiency is expected to be in- 
creased to a range of 50 to 60 percent, and thus 
provide fuel savings of 20 to 30 percent over fos- 
sil fueled steam-electric plants. General applica- 
tion of coal-fired MHD topping units by the 
mid 1980’s could result in overall savings that 
would aggregate billions of dollars by the end 
of the century. It could effectively extend fossil 
fuel reserves and also enhance interfuel competi- 
tion by improving the competitive position of 
coal. In addition, the MHD generator would re- 
quire little cooling water and the combination 
MHD-steam units would require considerably 
less cooling water per megawatt of capacity than 
conventional fossil-fueled and nuclear steam- 
electric units. 

However, before MHD can be utilized for 
central station power generation many problems 
must be solved. In general, open-cycle MHD re- 
search has not confronted the problem of burn- 
ing coal or coal-derived fuels in an economically 
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practical system. Designs to date have been on a 
relatively small scale, have used cleaner fuels, 
and have produced much shorter operating life- 
times and lower efficiencies than would be ac- 
ceptable in utility operation. Other problems in- 
volve the development of high temperature 
electrodes and MHD channels of long durabil- 
ity, economic superconducting magnets of suffi- 
cient capacity and reliability, technology to 
meet stringent requirements on seed recovery, 
and suitable auxiliary components—notably an 
improved air preheater and coal handling sys- 
tem. 

The high temperatures and gas passage times 
involved are conducive to the fixation of nitro- 
gen. Air quality control may require develop- 
ment of technology either to restrict NOx 
formation or to effect its removal from the stack 
gas. Due to the interrelated nature of many of 
these problems and overall system design, there 
is need for progressive development of experi- 
mental MHD systems which can be used to eval- 
uate progress and determine future courses of 
action. Simplified representations of open-cycle 
MHD generation and a combined MHD-steam 
generator are shown in figures 9.1 and 9.2, 
respectively. 

MHD generators of various types have been 
successfully demonstrated in several areas of the 
world but in general the units are of moderate 
size and are used primarily as research vehicles 
or development tools. The countries involved in 
the research include England, France, Germany, 
Japan, Poland, the Soviet Union, and the 
United States. For the most part, research pro- 
grams are directed toward solving component 
performance problems such as electrode technol- 
ogy, but those at Swierk, in Poland, and Mos- 
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cow, in the Soviet Union, are large installations 
designed for extensive central station power 
plant research. 

The Soviet Union appears to have made a 
strong commitment to the development of 
MHD for commercial use. A 75-megawatt (net) 
combination MHD-steam pilot plant is being 
constructed near Moscow. For the present, only 
the 25 megawatt portion of the plant will be 
completed and operated, presumably due to a 
shortage of funds. Eventually the unit will be 
used to explore all aspects of technology and to 
evaluate the economics of large MHD power 
plants. The unit is to be fueled by natural gas 


_ initially but, with the solution of certain practi- 


cal problems, coal or oil firing is expected to be 
more economical. ‘The Soviets are also construct- 
ing what will be the largest experimental MHD 
facility in the world at the Krzhizhanovsky In- 
stitute of Power Engineering in Moscow, and 
Soviet engineers express confidence that an 
open-cycle MHD unit of appreciable power out- 
put will be operating in the 1970's. 

Japan is also actively engaged in MHD re- 
search and has made great strides in achieving 
the high field superconducting magnets neces- 
sary for central station MHD operation. Addi- 
tional work is still necessary to develop such 
magnets economically but considerable potential 
for reducing costs is evident and MHD research- 
ers are confident this will be accomplished in 
the near future. 

Utility companies, manufacturers, and re- 
search institutions in the United States have 
been actively involved in MHD investigations 
since the 1950’s. Experimental generators con- 
structed in the United States have produced 
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moderate outputs for short periods of time and 
small power outputs for hundreds of hours. A 
practical utilization of MHD generation has 
been reported to be a 20-megawatt generator de- 
veloped by the Avco Everett Research Labora- 
tory for the U.S. Air Force Arnold Engineering 
Development Center in Tullahoma, Tennessee. 
This generator was built to provide very large 
amounts of power for short periods for a wind 
tunnel facility at the Center. It has successfully 
produced 16 megawatts for several minutes at 80 
percent of the generator design flow rate. The 
Air Force has since moved to other areas of re- 
search to meet the needs of their specific problem. 

The open-cycle MHD system is also being 
considered for use in “topping” applications 
with gas-turbine generators. The systems studied 
show slightly lower efficiencies than topped- 
steam installations, but MHD gas turbine sys- 
tems require virtually no cooling water and 
might possibly be used advantageously in arid 
areas. Coal char-fired MHD systems are also 
being considered as a means of enhancing the 
economics of coal liquefaction and gasification 
plants being studied by the Office of Coal 
Research. 

In addition to the base load operation of 
MHD topping units, the open-cycle system has 
also been considered for use, without bottoming 
cycles, for emergency reserve and peaking appli- 
cations. Since emergency reserve and peaking 
units are normally operated for relatively short 
periods of time, they must have low capital costs 
but may have relatively high operating costs. Be- 


cause of the fast start-stop and possible low capi- - 


tal costs characteristics of the MHD system, oxy- 
gen-enriched, liquid-fuel MHD generators are 
being given consideration for emergency opera- 
tion. Such systems would have operating costs 
which are too high for peaking applications due 
to the oxygen requirements and lower thermal 
efficiency of the simplified cycle. Peaking re- 
quirements would entail the addition of compo- 
nents to increase the efficiency of operation and 
would increase capital costs. 

Some hope exists for the emergency and peak- 
ing applications of MHD technology. Several 
Northeast utilities and the Edison Electric In- 
stitute are financing a three-phase program to 
develop an experimental power plant using the 
simplified liquid fuel MHD generator. The de- 
velopment of a prototype generator fired by 


clean, liquid fuel is expected to produce some 
technology applicable to base load MHD units. 
The preliminary design and modeling of the 
simplified unit were completed in phase one of 
the project and the participants are proceeding 
with the detailed design. A 0.5 megawatt proto- 
type is being built by Avco Everett Research 
Labs for use in this design study and also in a 
base-load program sponsored by the Office of 
Coal Research. 


Closed Cycle Gas 


Closed cycle gas MHD is somewhat similar to 
the open-cycle concept in that thermal energy is 
transferred to a seeded, working gas which is 
then passed through an MHD channel and mag- 
netic field. Power is extracted from the MHD 
channel in much the same way in both systems. 
Closed cycle MHD is designed to operate at 
lower temperatures (3000-3500°F); utilizes a 
seeded noble gas, such as helium, as the working 
fluid; and requires the transfer of additional 
energy to the working gas after the working gas 
has been released from the thermal chamber. 
Materials problems, such as corrosion, erosion, 
ash deposits, and other corrosive mineral depos- 
its, associated with heating a noble gas by com- 
bustion, make fossil fuel closed cycle MHD im- 
practical. The system is of interest for central 
station power generation because it provides a 
means of utilizing the somewhat lower top tem- 
peratures potentially available from advanced fis- 
sion reactors. To achieve required electrical 
properties in the seeded noble gas at tempera- 
tures in the range being considered, it is neces- 
sary to transmit additional energy to the elec- 
trons within the gas. The electrons are excited 
by sophisticated technical means beyond the 
stage produced by thermal energy and achieve 
energy levels equivalent to temperatures many 
times that of the gas itself. 

Closed cycle research has been directed pri- 
marily toward space and military applications. 
As a result, a fresh evaluation of the application 
of available technology to central station power 
generation is still needed to determine poten- 
tial benefits and to provide direction for future 
efforts. 


Liquid Metal 


Liquid metal systems are designed to operate 
at still lower temperatures (1500°-2000F°) than 
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closed gas systems. The liquid metal working 
fluid has higher electrical conductivity and it 
is not necessary to obtain extremely high tem- 
peratures to accomplish MHD generation. High 
power densities possible in the liquid metal sys- 
tems also eliminate the need for superconduct- 
ing magnets to establish a satisfactory magnetic 
field. The higher conductivity also makes the 
generation of ac power possible with liquid 
metal MHD systems and could eliminate the 
need for dc to ac inverter systems. The elimina- 
tion of inverter systems, and air preheater and 
seed recovery equipment would reduce the capi- 
tal cost of installations but the major benefit as- 
sociated with liquid metal MHD would be the 
simplification of problems concerning the MHD 
channel. Space technology has demonstrated suc- 
cessful long life containment of liquid metals 
such as potassium and sodium at temperatures 
of 2200°F in refractory metals and of 1600°F 
in some steels and superalloys. 

The disadvantages of the liquid metal systems 
stem from the difficulties associated with accel- 
erating liquid metal to velocities necessary for 
MHD power generation, i.e., from the process of 
converting the input thermal energy to the ki- 
netic energy required in the generator. Most liq- 
uid metal systems use a vapor to produce this 
acceleration and either pass a two-phase fluid 
(liquid and vapor) through the generator or 
separate the vapor prior to the entrance of the 
liquid into the generator. A two-fluid liquid 
metal MHD system using lithium as a circulat- 
ing working medium and cesium as a gaseous 
heat transfer fluid has been developed for space 
application. Other approaches are being exam- 
ined in laboratories and experimental genera- 
tors have been demonstrated. One experimental 
installation of Atomics International is reported 
to have produced seven kilowatts of sustained 
self-excited power output at a frequency of 60 
Hy. 

The liquid metal system has the potential for 
use with a variety of heat sources but because of 
the present lack of high temperature nuclear re- 
actors, its use in conjunction with fossil fuel sys- 
tems is more attractive for central station power 
generation at this time. Used as a topping unit 
with a conventional steam cycle the liquid metal 
system has the potential to improve the overall 
system efficiency to approximately 45-50 percent 


and, possibly 55 percent at the upper range of 
applicable temperatures. 


The systems can be coupled directly through 
a liquid metal boiler or indirectly through an 
intermediate heat exchanger. It would also be 
possible to couple the liquid metal MHD system 
with a high temperature liquid metal fast 
breeder nuclear reactor and with other reactor 
systems under development. Though the liquid 
metal systems offer smaller efficiency increases 
than open-cycle systems, there appear to be no 
insurmountable technical obstacles to the devel- 
opment of liquid metal MHD units and a re- 
port of the Office of Science and Technology has 
indicated the system shows sufficient promise for 
central station power to warrant further investi- 
gation. The report recommended _ that 
experimental programs involving liquid metal 
systems for central station power be reestab- 
lished at about half the level of support for 
open-cycle gas systems. 

The Electric Research Council, comprising 
representatives from private and public seg- 
ments of the electric power industry and created 
for joint industry financing of engineering re- 
search, has recently established a task force to 
make a major review of MHD technology, keep 
the council advised of developments in MHD, 
and recommend specific research where war- 
ranted. 


Electrogasdynamics (EGD) 


The electrogasdynamic generator is a device 
which, utilizing a moving gas, converts heat en- 
ergy to electricity by transporting charged parti- 
cles “uphill” against an electric field. The elec- 
tric field opposes the flow of a gas containing 
charged particles. In the process of overcoming 
this opposition, the electrical potential of the 
charged particle is increased. The device con- 
verts the kinetic energy of the moving gas to 
high voltage dc electricity by providing an ex- 
ternal circuit between a charged particle emitter 
and collector. The basic generator consists of a 
non-conducting duct for containing the passage 
of the gas, a pair of electrodes positioned at the 
inlet end of the duct to create a supply of 
charged particles, and an electrode at the outlet 
end of the duct for “collection” of these charged 
particles. A simplified diagram of an EGD gen- 
erator is shown in figure 9.3. 
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Proponents of EGD generation feel that large 
units can offer considerable benefit in the area 
of central station power generation while, in a 
long-range view, smaller units possibly can have 
application in the area of gas-fueled, on-site 
power generation. They believe that large EGD 
generators would require less space and lower 
capital expenditures than comparable units 
based on steam-turbine technology, and that the 
efficiency of energy conversion can equal or bet- 
ter that of present steam-turbine systems. In ad- 
dition, these generators would require no cool- 
ing water and could, therefore, produce power 
without affecting bodies of water with thermal 
discharges. The system would also be adaptable 
to any energy source, such as coal, oil, gas, or 
nuclear fuel, and could be used to enhance the 
competitive position of fuels. 

The EGD concept has been extensively inves- 
tigated by research teams at Wright Patterson 
Air Force Base, Curtiss-Wright of New Jersey, 
Gourdine Systems, Inc., of Livingston, New Jer- 
sey, and at Marks Polarized Corp., in White- 
stone, New York. In 1966, Gourdine Systems, 
Inc., submitted to the Office of Coal Research a 
proposal for a coal-fired EGD generator and was 
awarded a contract to engage in the necessary 
research for the design and test of such a sys- 
tem. A pilot plant was constructed at the Foster 
Wheeler Research Laboratories in Carteret, 
New Jersey. Tests on the pilot model uncovered 
major technical problems and led to termina- 
tion of the project on September 30, 1968. The 
original design proved unacceptable because the 
precipitation of charged particles on the walls of 
the “slender channel” gas duct resulted in unac- 


ceptable energy losses. An evaluation of the 
Gourdine project made by three scientific enti- 
ties for the Office of Coal Research indicates 
that the EGD generator as envisioned by Gour- 
dine Systems, Inc., requires some major break- 
throughs before a practical unit can be consid- 
ered possible. 


The Marks Polarized Corporation also 
recently submitted to the Office of Coal Re- 
search a proposal for the development of an 
EGD generator. The Marks proposal was re- 
viewed by one of the entities which evaluated 
the Gourdine System and found to be plausible. 
The need for bench-scale experimental confir- 
mation of projected behavior was deemed neces- 
sary before construction of a prototype genera- 
tor could be considered reasonable but the 
proposal was said to have considerable promise. 
Both concerns are seeking funds to proceed with 
the research activity. 


In view of the difficulties encountered in the 
Gourdine development effort and the relative 
infancy of the Marks project, it appears unlikely 
that electrogasdynamics could have a major im- 
pact on the electric utility industry prior to the 
year 1990. 


Fusion Reactor 


As the name implies, a fusion reactor will uti- 
lize a sustained combining, or fusion, of the nu- 
clei of light elements to release nuclear energy 
and make it available for the production of 
electricity. Simply stated, the development of a 
fusion reactor involves the establishment of con- 
ditions to produce a fusion reaction and the cre- 
ation of technologies for harnessing the released 
energy for conversion into electric power. 


There are several known reactions which can 
be the basis for a controlled fusion reaction. 
These include deuterium-tritium, deuterium-he- 
lium, and two deuterium-deuterium reactions. 
Much of the interest in the fusion reactor stems 
from the fact that deuterium is so plentiful and 
the fusion process can function as a tritium 
breeder. Also, fusion power may reduce some of 
the problems associated with nuclear plants, 
such as siting, licensing, public concern about 
nuclear hazards, and impact on the environ- 
ment. 


Deuterium is a stable isotope of hydrogen and 
is found in very low concentrations in all water. 
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Calculations show that one gallon of ordinary 
water would yield enough deuterium to equal 
the energy produced by the combustion of 300 
gallons of gasoline. The implication of perfect- 
ing a fusion reactor is clear. While the achieve- 
ment of significant breeding in nuclear fission 
could provide a source of energy to serve our 
needs for thousands of years, the nuclear fusion 
reactor could provide a source of energy that 
would last for millions of years. 

The possibility of accomplishing a fusion re- 
action has been established by analysis of the 
energy source of the sun and other stars, and in 
the explosion of the hydrogen bomb. To date, 
efforts to develop a controlled fusion reaction, 
even on a laboratory scale have not been suc- 
cessful. However, several experiments directed 
toward such a demonstration of technical feasi- 
bility are now being conceived, with proposals 
for them expected to be forthcoming in a matter 
of months. 

For the reaction to occur, it is necessary to 
raise a fuel to temperatures in the range of 100 
million to 1 billion degrees Kelvin; to hold the 
resultant gaseous dispersion of ions and elec- 
trons (plasma) in a configuration which would 
provide an ion density in the order of 10! ions 
per cubic centimeter; and to maintain this den- 
sity for a period of time in the order of tenths 
of a second. Confinement time, temperature, and 
density are interrelated, in that shorter confine- 
ment times require higher ion densities or tem- 
peratures and longer times lower densities. At 
the same time, fuel must be fed to the system 
and electrical energy extracted from the devel- 
oped heat energy. 

Many devices have been built throughout the 
world in attempts to achieve these conditions. 
On a worldwide basis, over $150 million is 
being expended annually in fusion research. 
Japan, France, West Germany, Holland, Swe- 
den, Italy, the United Kingdom, the Soviet 
Union, and the United States each have pro- 
grams. 

Principal research work is being carried on in 
the Soviet Union and in the United States. 
They expend approximately 37 and 20 percent, 
respectively, of all the money invested through- 
out the world in controlled thermonuclear re- 
search. Efforts in the United States have been 
carried out in some 40 universities; by several 
industrial groups, including the utility sup- 
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ported Texas Atomic Energy Research Founda- 
tions; and at four major government-supported 
laboratories—the Los Alamos Scientific Labora- 
tory (LASL), the Lawrence Radiation Labora- 
tory (LRL), the Oak Ridge National Labora- 
tory (ORNL), and the Princeton Plasma 
Physics Laboratory (PPPL). 

Initial fusion research was directed toward es- 
tablishing a very pure plasma, raising the 
plasma to thermonuclear temperatures, and ade- 
quately confining the plasma. In almost all of 
the efforts to accomplish these goals, confine- 
ment was achieved by magnetic fields. Control 
of plasma purity and temperature has been ac- 
complished in many experiments and world re- 
search efforts are now being concentrated on 
plasma confinement. The problem of plasma 
confinement is complicated by the problem of 
plasma instabilities. ‘These instabilities manifest 
themselves in diverse ways and generally result 
in failure of confinement. Many different con- 
finement systems have been tried. These differ 
in the manner in which the magnetic field is 
produced, in the resultant magnetic field geome- 
try, in the way the plasmas are established, and 
in the way plasma temperatures are increased. 
Though several experiments have achieved one 
or more of the conditions required for a fusion 
reaction, none has satisfactorily achieved all 
three. 

Russian accomplishments with the Tokomak 
T-3 toroidal system are particularly interesting 
and have been considered as having the best 
overall performance to date. The British Phoe- 
nix II, the American (LASL) Scylla and (LRL) 
2X systems have also reached one or more of the 
fusion criteria and have good overall perform- 
ance records. Despite this, the American pro- 
gram is presently being revised to _ take 
advantage of the Russian accomplishments with 
the Tokomak T-3 project. 

While active researchers are trying to estab- 
lish a fusion reaction, detailed studies are also 
made in the United States and the United King- 
dom to determine the characteristics of a full- 
scale fusion power reactor based on the rudi- 
mentary state of knowledge available today. A 
simplified diagram of one type (deuterium-trit- 
ium) of fusion reactor power plant is shown in 
figure 9.4. The design would include a lithium 
blanket which would act as a neutron modera- 
tor and react with nuclear particles to produce 
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tritium. The system would breed more tritium 
than it would use. The calculated breeding 
ratio is considerably more than unity and indi- 
cates a short doubling time. 

The studies have also considered environmen- 
tal and social factors and suggest that fusion 
plants would not produce large quantities 
of radioactive waste, would be inherently safe 
against nuclear accident, and would have thermal 
discharges 50 to 70 percent lower than existing 
plants. In addition to the above, the possibility 
of direct conversion of fusion energy to electri- 
cal energy is also present. This accomplishment 
would further reduce the environmental impact 
of the fusion reactor. 

The direct energy conversion system illus- 
trated in figure 9.5 is untested but theoretical 
considerations show possible efficiencies in the 
order of 90 percent for a 1,000-megawatt unit. 


1Dr. Glen T. Seaborg, Chairman, U. S. Atomic Energy 
Commission, at the Council for the Advancement of Sci- 
ence, Writing Seventh Annual Briefing on “New Horizons 
in Science,” Berkeley, California, November 20, 1969. 
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Small-scale tests of the concept are scheduled for 
1971 but direct conversion of fusion energy 
must still be considered as only a remote possi- 
bility. 

In addition to power reactors, fusion propo- 
nents are also proposing the development of a 
device referred to as a fusion torch. This con- 
cept would use the ultra high temperature fu- 
sion plasma to produce large amounts of ultra- 
violet radiation or to reduce solid materials to 
their basic elements by means of vaporization. 
Conversion of the solid material to an ionized 
gas containing only basic elements would im- 
prove the possibility of separation of these ele- 
ments and the complete utilization of the origi- 
nal material. Such a process is conceived as a 
means to reduce toxic chemicals, ore, alloys, and 
waste products to useful elemental materials. 
The ultra-violet radiation could be used for de- 
salination, bulk heating, waste sterilization, and 
many other applications. The fusion torch is 
viewed by those involved with the concept as 
the one answer to both the technologist and 
conservationist. Though its realization is un- 
likely before the turn of the century without a 
significant increase in support levels, the con- 
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cept is receiving limited but enthusiastic atten- 
tion today. 


Fuel Cells 


Fuel cells are electrochemical devices in which 
the chemical energy of a fuel, such as hydrogen, 
is converted continuously and directly to low- 
voltage direct current electricity. Fuel cells have 
the same basic elements as the battery; two 
electrodes, called the anode and cathode, sepa- 
rated by an electrolyte. In contrast to the bat- 
tery, the fuel cell is an open system which re- 
quires a continuous supply of reactants for the 
production of electricity. The quiet and rela- 
tively low temperature operation of fuel cells, 
and their promise of a highly efficient energy 
conversion process, have focused considerable in- 
terest on them. 

One type of fuel cell, shown in figure 9.6, is 
based on a hydrogen-oxygen reaction. Hydrogen 
and oxygen are supplied to the anode and cath- 
ode, respectively. The hydrogen diffuses through 
the anode and reacts with the potassium hydrox- 
ide electrolyte (KOH) and gives up electrons. 
These electrons leave the anode and_ pass 
through the external load to the oxygen elec- 
trode (cathode). The hydrogen ions produced 
by the surrender of electrons move through the 
electrolyte to the cathode. At the cathode the 
hydrogen ions combine with oxygen and the 
electrons to produce water. In this process the 
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water produced is a by-product and provisions 
are made for its separation and removal from 
the electrolyte. Electric current flows through 
the external load because the anode becomes 
negatively charged in respect to the cathode. 

Platinum electrodes are utilized in the hydro- 
gen-oxygen fuel cell to speed the chemical reac- 
tion. Both hydrogen and the platinum electrodes 
are very expensive. Although hydrogen-oxygen 
fuel cells have been used in space and military 
applications, they are neither available in large 
commercial sizes nor presently economically com- 
petitive with conventional energy sources. 

In addition to the hydrogen fueled cells, sys- 
tems using hydrazine and methyl alcohol have 
been used. For fuel cells to enjoy widespread 
use they must use relatively low cost conven- 
tional fuels such as coal, natural gas, and petro- 
leum. The present state of the art is such that 
special processing of these fuels is required be- 
fore they can be used for fuel cells. 

There has been considerable research and de- 
velopment of fuel cells in both the United 
States and Europe. In Europe a large share of 
the work has been centered around the molten 
electrolyte type of fuel cell system. Most of the 
research in the United States has been aimed to- 
ward the development of fuel cells for special- 
ized uses in space and military applications. But 
a number of programs have been directed to- 
ward objectives of primary interest to the power 
industry. 

A strong effort is being made to develop a fuel 
cell for residential and commercial service. In 
1967, a team of 23 natural gas utilities under- 
took a twenty million dollar, three-year research 
program to develop a natural gas fuel cell. The 
team (TARGET—Team to Advance Research 
for Gas Energy Transformation, Inc.) awarded 
the contract for the first phase of the program 
to the Pratt and Whitney Division of United 
Aircraft Corporation. By 1971 there were 32 
TARGET members working in conjunction 
with Pratt & Whitney and The Institute of Gas 
Technology. They were at the mid-point of a 
nine-year research program under which 
$41,500,000 were to be spent by the end of 1972. 
One of the early results of this research is the 
world’s first natural gas fuel cell home which 
was dedicated in Farmington, Connecticut, on 
May 19, 1971. The research program ultimately 
will include 37 test installations and a wide va- 
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riety of residential, commercial, and industrial 
applications. 

The Office of Coal Research has also outlined 
a program with the Westinghouse Research 
Laboratory for the development of a fuel cell 
which uses coal as a fuel, but active research has 
been temporarily suspended pending the availa- 
bility of funds. 

Fuel cells may be used to store energy during 
periods of off-peak demand and as generating 
units during periods of peak demand. In this 
way, fuel cells could be an alternative to 
pumped storage projects. Such a converter 
might also be used for on-site reserve or emer- 
gency power supply but would have to compete 
economically and operationally with internal 
combustion engines and batteries. Fuel cells are 
also being considered for use in substations, 
where they would provide base-load or peaking 
power to the existing electric power system. 
This would reduce the need for central station 
power and transmission lines and consequently 
reduce the effect of power generation on the en- 
vironment. An artist’s rendition of such a 20- 
megawatt plant is shown in figure 9.7. The fuel 
cell holds potential for future use in the trans- 
portation field, where batteries are presently 
used, and in the electrochemical industries 
where low-voltage dc power is required. 

Although the future of the fuel cell is uncer- 
tain, it could have a bright future. A successful 
fuel cell module of 10 to 15 kilowatts, envi- 
sioned for single family residences, could be cou- 
pled in banks to serve larger users. Looking to 


Figure 9.7—Preliminary design rendering of a Pratt & 
Whitney aircraft 20 megawatt substation fuel cell power 
plant for operation in parallel with an electric utility 
distribution system. 


the larger applications, the fuel cell, because of 
its modular capability and the possibility of tai- 
loring power output to a specific customer’s 
needs, could find broad application in in- 
dustrial, commercial, and apartment complexes. 
Since many of the fuel cell applications now 
being actively considered would not be depend- 
ent on electric transmission and distribution 
networks, successful conclusion of the current 
experiments would permit significant future en- 
vironmental advantages. The fuel cell is not, 
however, expected to replace central station 
power generation. 


Thermionic Generation 

When a metal is heated, a point is reached 
where its electrons acquire enough energy to 
overcome retarding forces at the surface of the 
metal and escape. This phenomenon of electron 
emission, or simply the boiling off of electrons, 
was discovered in 1878 by Thomas Edison and 
is the salient feature of the thermionic conver- 
sion device shown in figure 9.8. 

The simple thermionic generator consists of 
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two plates, the emitter and collector, separated 
by a small space. By the addition of heat en- 
ergy, electrons are freed from the emitter and 
pass through the intervening space to the collec- 
tor. This passage of electrons and the electrical 
properties of the collector enable the develop- 
ment of a voltage difference across the plates. 
Electric current can then be made to flow 
through an external load connected between the 
emitter and collector. The constant application 
of heat energy provides a constant output of 
low-voltage direct current electricity. 

Thermionic generation is possible with almost 
any heat source of sufficient temperature, and 
units have been developed utilizing solar, nu- 
clear, and fossil fuels. In general, thermionic de- 
velopment has been oriented toward space activ- 
ities, with relatively little effort being 
concentrated on central station power develop- 
ment. 

Units have operated satisfactorily at relatively 
low power levels and efficiencies for thousands 
of hours, but many problems hinder economic 
application in the commercial power market. 
Present reports show conversion efficiencies of 15 
to 25 percent and power densities as high as 50 
watts/cm? but these for the most part are labo- 
ratory accomplishments. Maximum obtainable 
efficiency is limited to the Carnot efficiency of 
an ideal heat engine operating between inlet 
and exhaust temperatures which correspond to 
the emitter and collector temperatures. The 
emitter temperature required for efficient opera- 
tion ranges between 2500 and 3200°F. At these 
temperatures, major problems are encountered 
which prevent long life operation. Emitters 
must be designed to withstand long periods of 
operation at high temperatures, and collectors 
must be designed to withstand degradation due 
to oxidation. In addition, heat transfer between 
the emitter and collector must be reduced to 
optimize conversion efficiency. 

Because of the high emitter temperature re- 
quirements of thermionic generation, considera- 
ble effort has been directed toward development 
of nuclear powered units. Generators have been 
designed for use outside the core of a reactor as 
well as for incorporation within the reactor it- 
self (in-pile) . hese activities have been concen- 
trated in the space programs and both isotopic 
and reactor heat sources have been investigated. 
The problems encountered in using the reactor 


are generally in the interface between the heat 
source and the generator. They involve the ma- 
terial fabrication of generator elements and the 
development of a heat pipe, or coupling, be- 
tween the heat source and generator. The in- 
pile concept introduces the additional problem 
of fabricating generator components which must 
also function as fuel elements in the nuclear 
reactor heat source. 

Isotopic heat source thermionic diodes have 
achieved 10,000 hours of operation at efficiencies 
in the order of 12 percent at temperature ranges 
between 2500 and 3000°F. Developed heat pipes 
have also experienced satisfactory operation in 
excess of 10,000 hours. In general, little activity 
has been directed toward the development of 
nuclear reactor-fired thermionic generators for 
central station power generation. Reactor manu- 
facturers have been considering the possibility 
of thermionic topping units but to date no ap- 
preciable effort has been expended in this direc- 
tion. 

The Office of Coal Research has a two-phase 
program directed toward the development of 
thermionic converters as topping devices for fos- 
sil-fueled steam-powered central station power 
plants. 

One phase of the study showed that, for a spe- 
cific plant studied, thermionic topping could in- 
crease the plant capacity and efficiency more 
than 20 percent. The second phase of the pro- 
gram involved an experimental and material ef- 
fort to establish the guidelines for fabricating 
the thermionic converters and plant. Converters 
have been operated in a coal-fired environment 
for as long as 85 hours at power levels in the 
order of 112 watts but a viable thermionic mod- 
ule design suitable for testing a small-scale coal- 
fired system is still being sought. 

Research activities in all phases of thermionic 
generation have been taking place in many 
countries throughout the world, and some proj- 
ects have passed from the research stage to the 
development phase. German concerns have em- 
barked on a six-year $50 million program for 
the development of a reactor-fueled thermionic 
generator-powered television satellite. The 
United Kingdom, Russia, and Belgium also 
have thermionic projects. A number of concerns 
in the United States have participated in the de- 
velopment of commercial applications for therm- 
ionic generation. One such project, under the 
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sponsorship of the American Gas Association, 
was directed toward developing a 300-watt gas- 
fired unit to power the fan of a home gas furnace. 

Thermionic devices fired by propane and gas- 
oline have also been investigated. Under partial 
sponsorship of the Department of Defense, this 
project has been aimed at the development of 
units in sizes up to 10 kilowatts. It is expected 
that these units would be more expensive than 
engine-generators but that a demand for the 
thermionic units could develop in the mobile or 
semiportable power supply market. Federal 
budgetary restrictions and project technical dif- 
ficulties have led to the termination of these 
programs, and little is being done today in the 
development of commercial thermionic devices. 

The consensus is that future efforts in therm- 
ionic development during the next decade will 
be concentrated in space-oriented activities. ‘The 
principal effort will be directed toward the de- 
velopment of nuclear-fueled systems to be used 
as power sources for interplanetary expeditions. 
There is small likelihood of thermionics achiev- 
ing commercial realization for large scale gener- 
ation within the next several decades. 


Thermoelectric Generation 


The thermoelectric generator, shown in figure 
9.9, is a device which converts heat energy di- 
rectly into low-voltage direct current electricity. 
It makes use of the 100-year old “Seebeck princi- 
ple,” that a voltage difference is produced be- 
tween the ends of two joined dissimilar conduc- 
tors when heat is applied. With advancements 
in the technology of semiconductor materials it 
became possible to produce usable generating 
units. Usable amounts of electric power are pro- 
duced by connecting several generating units 
into thermopiles for use as a single generator. It 
is also possible, by varying the materials used 
for thermoelectric conductors, to operate the 
generators in different segments of a wide range 
of operating temperatures. 

The maximum efficiencies possible using this 
method of generation are limited to that of an 
ideal heat engine operating between inlet and 
exhaust temperatures which correspond to the 
hot and cold junction temperatures. 

With possible efficiencies in generator technol- 
ogy in the order of 30 percent, it appears that 
overall efficiencies of thermoelectric systems can- 
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not exceed 10 to 15 percent. Efforts are being 
made to increase the internal efficiency of the 
process but the rate of progress has tapered off. 
Although there are intensive materials research 
programs, further advancements are becoming 
more expensive and time-consuming. Short oper- 
ating lifetimes, which result from the instability 
of thermoelectric elements at the high tempera- 
tures necessary for higher power operation, and 
undesirable heat transfer from the hot to cold 
junctions, which results in low efficiencies, are 
major obstacles to additional progress. 
Thermoelectric generators have been built 
which utilize solar, fossil-fueled, and nuclear 
heat sources. These units have been operated 
successfully in space and military applications 
and in remote areas. In the first successful at- 
tempts using solar heat sources, thermoelectric 
power was produced at efficiencies of 1 to 3 per- 
cent. Since then, series generators have produced 
power at efficiencies exceeding 5 percent. Bell 
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Laboratories is experimenting with a generator 
which operates at a power level of 160 watts 
and an efficiency of 2 percent. This unit is used 
as a power source for communications equip- 
ment in remote areas. 

Although thermoelectric generation will 
doubtless receive continued attention for special 
low power applications, it would seem to hold 
little promise for central station power plants in 
the foreseeable future. 


Geothermal Generation 

Geothermal generation uses natural steam or 
hot water entrapped below the surface of the 
earth’s crust to produce electrical power. The 
steam or hot water is released from the earth’s 
depths through holes bored into the interior. 
The steam or water made available by ‘tapping 
the pocket” is piped to a generating facility 
nearby. The process takes advantage of the 
many “hot spots”, such as geysers, hot springs, 
and fumaroles, on the earth’s surface. These hot 
spots are seen to be features of the worldwide 
system of oceanic ridges, continental rifts and as- 
sociated zones of earthquake activity, volcanic 
eruption, and other geothermal activity. One 
such geothermal belt extends from South Amer- 
ica north through Central America, Mexico, and 
along the western United States to Alaska, west 
and south through the Aleutians, Japan, Tai- 
wan, and the Philippines. A second belt exists 
in the northern Mediterranean and _ passes 
through Italy, Greece, Turkey, the Near East, 
and into the Indian Ocean. The Pacific belt en- 
compasses roughly 86 million acres of land in 
the western United States which may have 
geothermal resources. The California geyser area 
alone is already estimated to have a capability 
of producing 214 million kilowatts and _ its 
boundaries or total reserves are not yet fully 
known. One New Zealand geothermal reservoir 
has been estimated to contain 10,000 trillion 
pounds of high-pressure steam. 

Geothermal fields are broadly classified as fu- 
marole fields and hot spring or geyser fields. In 
the former, wells at the surface produce slightly 
superheated steam, while the latter produce 
boiling water at the surface with only small 
quantities flashing into steam. Although geo- 
thermal steam is more commonly used, hot 
geothermal water may be used to produce elec- 
trical power. This has been done in New Zealand 


and Japan and will be done shortly in Mexico. 
Two processes are available. In one, hot water is 
introduced into a flash tank where steam is pro- 
duced by dropping the water pressure. This 
steam is used to drive a turbine-generator. Hot 
water can also be used to evaporate a low boil- 
ing point fluid such as butane or freon which 
can be used as the working fluid in a turbine. 
The technology for locating and developing 
these fields is still being refined. Initial ap- 
proaches were similar to the geological tech- 
niques used early in the location of oil but, 
with deep drilling techniques and new prospect- 
ing tools, geologists are beginning to develop 
more productive approaches. 

The potential of geothermal energy was first 
recognized in Italy in 1904. Italian engineers 
drilled a shallow well in a fumarole field in 
northern Italy and used the released steam to 
supply a small turbine. Under government aus- 
pices, the Italian engineers then developed tech- 
niques for controlling steam wells to generate 
power and over the years have expanded the ca- 
pacity of the site to 300 megawatts. In the early 
1950’s New Zealand began developing a geyser 
area at Wairakei and by the late 1950’s was pro- 
ducing up to 200 megawatts of geothermal 
power. This was the first plant drawing on a 
hot-water field and led to the development of 
other smaller plants in Japan, Mexico, and the 
Soviet Union. In the United States, geothermal 
ventures were initiated in 1955, and in 1960 a 
12.5 megawatt generating unit delivered power 
produced by geothermal steam, A second plant 
was put in operation in 1963, and the addition 
of two more units brought the total geothermal 
capacity of 84.2 megawatts in 1968. The Pacific 
Gas and Electric Company, which pioneered the 
development of this resource in the United 
States, expects to have over 600 megawatts of 
such capacity by the end of 1975. 

Geothermal enthusiasts foresee future installa- 
tions involving deep drilling through the earth’s 
mantle (20-30 miles) making it possible to tap 
energy sources almost anywhere on earth. They 
also envision producing high-pressure steam by 
the injection and recirculation of water through 
huge subterranean hot cavities or reservoirs cre- 
ated by underground nuclear explosions. This 
procedure is also expected to provide a slurry of 
metal ores suitable for additional processing and 


I-9-13 


marketing. Experiments in recirculation tech- 
niques have already been initiated. Overall, 
however, geothermal generation is not expected 
to become a significant factor in central station 
generation in most sections of the country. 
The Geothermal Steam Act of 1970,? author- 
ized the Secretary of the Interior to issue leases 
for the development and utilization of geother- 
mal steam and associated geothermal resources 
on public, withdrawn, and acquired lands ad- 
ministered by him or administered by the De- 
partment of Agriculture through the Forest 
Service. The Act specifies the terms and condi- 
tions under which the leases are to be granted. 


Solar Generation 


Power from the sun is not new. As early as 
1901, energy from the sun was used to provide 
power for a steam engine. Since then solar energy 
has been used to power many devices. Its use 
for the most part was restricted to latitudes 
between 40 degrees north and 40 degrees south 
and to applications which were not sensitive to 
its discontinuous nature. Such things as solar 
water heating plants and solar distillation plants 
have been functioning satisfactorily for years. By 
1966, Israeli scientists had developed a solar- 
powered electric generating plant which incor- 
porated a mirror collector and a heat storage 
system enabling night operation at reduced 
load. The most successful application of solar 
energy to date has taken place in the space pro- 
grams. The use of solar heat sources to power 
thermoelectric and thermionic conversion de- 
vices was a factor in the successful completion 
of several space programs. Based on the technol- 
ogy available today, the economics of solar gen- 
eration are questionable except for space usage 
and other equally unique applications. 

Two uses for solar energy which are being 
considered today involve the establishment of 
major power generating facilities. One concept 
suggests development of floating power plants 
that will utilize the solar-produced temperature 
differential which exists between the upper and 
lower levels of Caribbean waters and the Gulf 
Stream. The higher temperature upper levels 
and colder lower levels have been suggested for 
use as a heat source and heat sink to produce 


2PL 91-581, approved December 24, 1970, 84 Stat. 1566. 


Figure 9.10—‘‘The Geysers,” Pacific Gas and Electric 
Company’s geothermal plant in Sonoma County, Cali- 
fornia, is the only such plant in North America. The 
four existing units have a combined capacity of 84 
megawatts. Two additional units expected to be in 
operation in 1971 will raise the total plant capacity to 
203 megawatts. Steam leaves the well heads at about 
350 degrees Fahrenheit and is piped to the turbines 
after cleaning. One of the unique aspects of the opera- 
tion is that makeup water for the cooling tower is 
supplied from condensed geothermal steam. 


up to 100 megawatts of electric power. A second 
concept deals with the orbiting of space vehicles 
for the purpose of creating central station power 
generation. 

The efficiencies and cost-weight characteristics 
of existing solar conversion devices place them 
in an unfavorable economic position today. 
However, recent discoveries of organic com- 
pounds possessing semiconductor and _photo- 
voltaic properties, together with theoretical and 
experimental data, indicate the organic com- 
pounds may provide conversion devices with 
high efficiency and low cost-weight ratios. Suc- 
cessful development of such devices would make 
the possibility of orbital power stations more 
nearly feasible. In this concept, solar stations or- 
biting the earth would collect solar energy from 
the sun’s rays and convert the solar energy to 
electric energy for electric microwave transmis- 
sion to earth. The design problems include a num- 
ber of separate areas such as orbital characteris- 
tics, conversion devices, transmission facilities, 
and the reception of power on earth. 

At this time, the development of orbital solar 
collection stations for central station power gen- 
eration appears to be within the projected capa- 
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bilities of system engineering and would not re- = ant technology, and unknowns such as reliabil- 
quire the discovery of any new physical ity and harmful effects on the environment 
principles. However, the necessary development would preclude application of such systems in 
efforts, the possible excessive costs of the result- the foreseeable future. 


I-9-15 


rye, 88, S25) ee 
ut i if be 
ri 7 if be \ : 
a et 
wb ; “tL reas Sy sf Spal mpegs 
wd et . 4 - 1. at ; 
hy) Tita OY es pe 
v 7 f cy 7 5 ~~ wil ares Doe 
7 Ps a Aes 4 
acid eS 
‘\°. ce eee 
“4 a % 
and rag 
te deh 
ty s ¥ ae 
patie 4 qe", 
. Ni vuihs “des 
> a rs 
ed i? 4 n x 14% 
~ ee = 
f ? - ate 
Pe 4 
’ Sadi T 
; cd 
fr e 
yi ‘ 
ing ' 
xt r ; 
+; 
RY 
if 
> 
=I 
: 
- ct 
+e Tt } Fi 
<4 
‘ 
* ae Be 
< 
1 
oerei 
" \ ‘ 
v é i ‘ » Se 
° vd ray , noe iced 
= a = ‘ue a! 
; - Ailes 
- sles ao ae 
; <i " = : 
ben > DF -s 
» we) 
i eae eal bas 
> it 7 ho | 
= = & ailing 
a ai _. ‘ys 4 
loa 2 = 
’ a » 4 
a - — 
_— 


fa*ivel? eres ern 

wi es 

om) inet eat Pega 

r ) ont), a 4 ade eo iigte y 
ALA 8 ee a i 


ter yt Dy, Zed dh ageee, 


ene 
i” ecthnganl nai Oe a ta 


sia Fae ond 


CHAPTER 10 


DISPOSAL OF WASTE HEAT FROM STEAM-ELECTRIC PLANTS 


Introduction 


Currently, more than 80 percent of the elec- 
tric energy produced in the United States is gen- 
erated by steam-electric plants. Even considering 
the results of the research now under way to de- 
velop new means of energy conversion, it seems 
likely that for the foreseeable future the bulk of 
electric generation will depend upon nuclear 
and fossil-fueled steam-electric plants. 

At the exhaust of a steam-electric plant tur- 
bine, the steam is condensed to water to maxim- 
ize the energy conversion and then is returned 
to the boiler or reactor for a repetition of the 
cycle. A large amount of heat is rejected in the 
condensing process. Even at the most efficient 
plants now in operation, the heat rejected is 
substantially greater than the heat equivalent of 
the electric energy generated. 

All waste heat from steam-electric plants must 
eventually be dissipated to the atmosphere. 
Some heat is transferred directly to the ambient 
air and, in the case of fossil-fueled plants, some 
heat is discharged up the stacks. However, the 
bulk of the waste heat is transferred from the 
steam to the cooling water in the condensers. 
Water is used as the absorbent because of its 
general abundance, its high specific heat, and 
its ability to dissipate heat in the evaporation 
process. 

Waste heat discharged to water bodies con- 
tributes to physical and biological changes and 
constitutes a potential polluting agent. Growing 
concerns for environmental protection and the 
State and Federal regulations stemming from 
such concerns are increasingly requiring the use 
of cooling systems that reduce or eliminate the 
discharge of waste heat to water bodies. Meas- 
ures can be taken to protect adequately the 
quality of water bodies but the overall results of 
such measures will be greater consumptive use 
of water, increased capital and operating costs 


of steam-electric plants, and decreased plant cap- 
abilities and efficiencies. 

Large amounts of water are used for cooling 
and condensing purposes by major industries 
such as primary metals, chemical and _ allied 
products, and petroleum and coal. However, 
electric power production currently accounts for 
more than four-fifths of the total cooling water 
used in the United States. It also accounts for 
nearly one-third of the total water withdrawn 
for all purposes. 


Types of Cooling 


In passing through the condenser of a steam- 
electric plant, the cooling water is heated 10 to 
30 degrees Fahrenheit, depending upon plant 
design. The waste heat added to the cooling 
water may then be dissipated to the atmosphere 
in several ways. Where the cooling water is re- 
turned to a natural water body, the ultimate 
dissipation of heat is accomplished by evapora- 
tion, radiation, and conduction. If the heat is 
dissipated in a wet-type cooling tower, it is ac- 
complished principally by the evaporation of 
some of the water. In a dry-type cooling tower, 
the heat dissipation is almost entirely by con- 
duction and convection. 

The principal types of cooling systems now in 
use or proposed for steam-electric plants are: 

(1) once-through using fresh or saline 

water, 

(2) cooling ponds, including spray ponds, 

(3) wet cooling towers, and 

(4) dry cooling towers. 
In some cases a combination of systems may be 
used, Ihe water withdrawal requirement varies 
widely among these systems. 


Once-Through Cooling 


With a once-through cooling system, water is 
taken from a suitable source, passed through the 
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condenser, and then returned to the source body 
of water. Such systems have generally been used 
where there were adequate supplies of water 
and no resulting adverse effects on water quality 
were expected. Normally, once-through cooling 
is more economical than other systems and, in 
most cases, affords higher plant thermal 
efficiency. 

Rivers have been used extensively as sources 
of cooling water. The flows of streams have pro- 
vided a natural conveyance for waste heat dis- 
charges. In view of the magnitude of flows re- 
quired to dissipate the waste heat from the large 
steam-electric plants projected for the future, 
and the possible adverse effects of the heated 
discharges on the water quality, it appears that 
the number of river sites suitable for new once- 
through cooling installations will be limited. 

When rivers are used to provide water for 
cooling purposes, the heated water discharges 
may exceed 100° F. during summer months, al- 
though the water temperatures are rapidly re- 
duced by mixing with the receiving waters. 
Without proper dispersion, however, the dis- 
charges could be harmful to aquatic life and 
objectionable for recreation and other water 
uses. One way of obtaining dispersion is by dis- 
charging the heated water into the main chan- 
nel of the stream through multiple outlets such 
as is done at the Hanford nuclear plant on the 
Columbia River and is planned for the Browns 
Ferry nuclear plant on the Tennessee River. See 
figure 10.1. Another disperson method is to re- 
lease the heated water through a discharge jet, 
which induces rapid mixing. 

Where available, large lakes or reservoirs may 
be used as sources of cooling water, provided 
that such use would not violate water quality 
standards or be incompatible with other 
planned uses of these water bodies. An impor- 
tant consideration in designing cooling systems 
using lakes or reservoirs is the separation of the 
intake and discharge lines. Such separation may 
be accomplished by using separate arms of the 
water body for intake and discharge, by con- 
structing dikes or canals, or by other means. 
Vertical separation may be achieved by the use 
of skimmer devices and submerged dams. 

The thermal stratification of some reservoirs 
during summer months provides a potential 
source of low-temperature cooling water. During 
winter months, reservoirs are usually isothermal, 


Figure 10..—The heated water from TVA’s 3,500-mega- 
watt Browns Ferry nuclear power plant, which is 
under construction on Wheeler Lake in northern 
Alabama, is dispersed through three diffuser pipes, 
17, 19, and 20.5 feet in diameter and of different 
lengths. The last 600 feet of each pipe is perforated 
on the downstream side with holes two inches in 


diameter. 


i.e, they have about the same temperatures 
from the top to bottom layers. In the spring the 
reservoirs become stratified into three tempera- 
ture layers. As indicated in figure 10.2, the 
upper layer, or epilimnion, is warmed by the 
sun and mixed by the wind, resulting in a rela- 
tively high and constant temperature in the top 
few feet of the water body. The second layer, or 
metalimnion, is a transition zone in which the 
temperature drops sharply. In the third layer, or 
hypolimnion, extending to the bottom of the res- 
ervoir, there is only a minor change of temper- 
ature with depth and the temperature is only 
slightly higher in summer than that prevailing 
during the winter. 


In several installations, cooling water has 
been taken from the hypolimnion and the 
heated water released to the epilimnion with lit- 
tle or no increase in the surface temperature of 
the reservoir. An example is the Marshall 
steam-electric plant on Lake Norman in North 
Carolina. 

A disadvantage of such a scheme is that the 
water in the hypolimnion tends to become low 
in dissolved oxygen as the summer progresses. 
Thus, discharge of these waters to the surface 
tends to lower the oxygen content of the epilim- 
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Figure 10.2—Typical thermal stratification of reservoirs 
during summer months. 


nion. However, in the epilimnion the water 
would be mixed with water relatively high in 
oxygen and, furthermore, it would be reaerated 
at the surface due to wind and wave action and 
to circulation induced by the cooling water dis- 
charges and by diurnal heating and cooling. 
Pumping water from the hypolimnion would 
reduce its volume, thus tending to reduce the 
time during late summer when cool water could 
be released for downstream uses. If the cool 
water discharges support a downstream cold 
water fishery, the early depletion of the hy- 
polimnion could adversely affect the fish. How- 
ever, in impoundments where low oxygen levels 
in the hypolimnion could adversely affect down- 
stream users, there may be advantages in pro- 
moting destratification. Use of a reservoir so as 
to change its pattern of stratification would re- 
quire careful attention to effects on the ecology 
of the reservoir. 


Some steam-electric plants utilize estuarine 
water for cooling purposes. However, there 
usually are temperature restrictions which tend 
to limit the number of sites available for such 
uses. There is increasing awareness of the value 
of estuaries for growing shellfish and as breed- 
ing areas for ocean fisheries, a large proportion 
of which are dependent upon estuaries in some 
way. This value of estuaries may limit or pre- 
clude their use for power plant siting, and in 
any case appears likely to impose needs for spe- 
cial measures to minimize harmful effects. 

A large potential source of cooling water for 
once-through systems is the ocean. Coastal loca- 


tions are commonly used in Britain, Sweden, 
Japan, the United States, and elsewhere. In only 
a few instances has marine life been observed to 
have been adversely affected by coastal thermal 
plants using ocean water for cooling purposes. 
Where exceptions have occurred, the effects 
could have been limited had the intake and dis- 
charge points been properly selected. Beneficial 
effects, such as increased fishing, have occurred 
at some existing plants. 

The intakes and outfalls of coastal plants 
should be located so as to avoid the entrainment 
and destruction of fish eggs, larvae, or fish, and 
to avoid raising temperatures to a degree and at 
locations that would interfere with significant 
amounts of fish spawning or migration. This 
would generally require the selection of plant 
sites where currents would not bring the heated 
effluent to shore areas. It may also be necessary 
to construct long intake and discharge lines, in- 
cluding screens for the intakes. 

For cooling water systems using either estua- 
rine or ocean water, the condensers must be con- 
structed of expensive corrosion-resistant metals. 
In some cases, stainless steel or nickel base alloys 
are used. 


Cooling Ponds 

Where suitable sites are available on streams 
with insufficient flow for once-through systems, 
cooling ponds may be constructed to provide 
cooling water. Water would be recirculated be- 
tween the condenser and the pond. Sufficient in- 
flow would be needed, either from upstream 
runoff or by diversion from another stream, to 
replace the evaporation induced by the addition 
of heat to the pond and to control the buildup 
of minerals in the cooling water (figure 10.3). 
A pond surface area of one to two acres per me- 
gawatt of plant capacity, combined with ade- 
quate pond depth, may be required, depending 
upon the type of plant and such factors as the 
local weather and wind conditions, and the con- 
figuration of the pond surface. The cooling ca- 
pacity of a pond may be increased by spraying 
the warm water into the air over the pond sur- 
face (figure 10.4). Cooling ponds are frequently 
used for other purposes such as sources of mu- 
nicipal water supply and for recreational uses. 


Wet Cooling Towers 


Where availability of water and water quality 
standards preclude the use of surface waters for 
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Figure 10.3—The 1,200-acre cooling pond for Arizona 
Public Service Company’s 2,085 megawatt Four Corners 
power plant, near Farmington, New Mexico, receives 
make-up water from the San Juan River. 


once-through cooling and suitable sites for cool- 
ing ponds are not available, cooling towers are 
generally employed for the dissipation of waste 
heat. Cooling towers may be used to provide 
full cooling requirements, to provide full cool- 
ing only during certain periods of the year, or 
to provide partial cooling during certain periods 
or throughout the year. 

In wet cooling towers, the warm water is 
brought in direct contact with a flow of air and 
the heat is dissipated principally by evaporation. 
The warm water is distributed at the top of a 
dispersal section, called “fill,” that is generally 
made of cement asbestos, treated fir or redwood, 
or plastic material such as_polyvinylchloride. 
The fill may be of the splash type or film type. 
The splash type fill breaks the water into drop- 
lets that subdivide as they descend, thereby ex- 
posing large surface areas to the air for the 
evaporative heat transfer. The film type fill al- 
lows the water to descend as a thin film so as to 


Figure 10.4—Spray pond is used at South Carolina Elec- 
tric & Gas Company’s 490-megawatt Canady station on 
the Edisto River. 


expose a large area to the air for the heat trans- 
fer. The cooled water is collected in a basin 
under the fill section from which it is pumped 
back to the condenser to pick up more heat and 
then is returned to the cooling tower. The limit 
of cooling of warm water is fixed by the wet 
bulb temperature. The flow of air may be pro- 
vided by either mechanical means or natural 
draft. 

Small droplets of water may be carried from 
the towers by the cooling air. This spray is gen- 
erally called “drift” or “carryover.” Drift losses 
sometimes are reduced by an arrangement of 
louvers between the fill and the air outlet of the 
tower. 

Solids. from the dissolved chemicals in the 
source water accumulate in the circulating cool- 
ing water, as a result of evaporation, and must 
be periodically or continuously removed by 
“blowdown.” Make-up water must be added to 
replenish the losses due to evaporation, drift, 
and blowdown. The added water may require 
chemical treatment to protect the fill from dete- 
rioration, to prevent the spray nozzles from clog- 
ging, or to protect the condenser tubes from cor- 
rosion. It is also necessary to assure appropriate 
sustained flows and acceptable water quality in 
the stream from which the cooling water supply 
is drawn and to which the blowdown is re- 
leased. In water-deficient areas, sewage treatment 
plant effluents have been used in some cases to 
provide the make-up requirements (figure 10.5) . 
Where used, some additional treatment of the 
effluents may be required. 


Mechanical Draft Towers 


Until recently all cooling towers constructed 
in this country for steam-electric plants were of 
the mechanical-draft type shown in figure 10.6. 
Such towers are usually designed for induced 
draft with the fans in the air outlets. The in- 
duced draft towers may be designed for counter- 
flow providing for an upward flow of air to 
meet the downward flow of the water (figure 
10.7), or crossflow, with a horizontal air flow 
meeting the downward water flow (figure 10.8) . 

Fans in mechanical draft towers provide posi- 
tive control over the air supply and thus permit 
substantial control over the temperature of the 
cooled water. However, the towers may be sub- 
ject to recirculation of the hot, humid air from 
the exhaust to the air intakes, and when this oc- 
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Figure 10.5—Southwestern Public Service Company’s 435- 
megawatt Nichols plant, located near Amarillo, Texas, 
uses the effluent from a municipal sewage treatment 
plant as its source of cooling water. The water treat- 
ment building with the lime storage tanks on the roof 
and the cold lime reactors are shown in the left tore- 
ground; the two lagoons to store the water until it 
is needed are in the center; and the two cooling towers 
are shown at the extreme right and left. The blow- 
down from the towers is discharged into the pond 
shown in the background for irrigation on an adjoining 
farm. 


curs, the plant efficiency is reduced. Also, the 
humid exhaust air may, in some cases, cause lo- 
calized icing and fogging problems. 


Natural Draft Towers 


Although long used extensively in Europe, 
natural-draft cooling towers did not come into 
use in the United States until 1962. Since that 
time, a number of natural draft towers have 
been constructed or planned. ‘These installations 
include large hyperbolic towers designed to cre- 
ate a flow of air by means of the chimney effect 
caused by the difference in density of the inter- 
nal and external air. The density of the internal 
air is lowered as it comes into contact with the 
warm water. Since the dispersion of the heated 
effluent is dependent in part upon the velocity 
of the wind, the towers should be located in 
unobstructed areas. A counterflow arrangement 
may be used whereby the fill is placed inside the 
tower near ground level so that the falling 
warm water can meet the rising air and facili- 
tate evaporative cooling; or a crossflow arrange- 
ment may be used whereby the fill is located 
around the periphery of the shell and the warm 


Figure 10,6—Northern States Power Company’s 580-mega- 
watt Allen S. King plant on the St. Croix River uses 
mechanical draft towers, shown at left, to reduce the 
cooling water temperature before releasing the water 
into the lake. 


Figure 10.7—An induced draft, counterflow cooling tower 
is used at the Utah Power and Light Company’s 200- 
megawatt Naughton No. 2 Unit, located near Kem- 
merer, Wyoming. The approximate dimensions of the 
cooling, structure are: length 360 feet, width 48 feet, 
and height 31 feet. 
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Figure 10.8—An induced draft, crossflow cooling tower 
provides cooling for Western Farmers Electric Coopera- 
tives’ 125-megawatt Mooreland No. 2 Unit, located in 
western Oklahoma, 


water falls through the horizontally moving air. 
Natural draft towers now being constructed are 
400 feet or more in height and 400 feet or more 
in diameter at the base. Figure 10.9 shows a typ- 
ical installation. 

Natural draft towers are less likely than me- 
chanical draft towers to be affected by the re- 
circulation of air from the exhaust to the air 
intakes. Because of their height, the likelihood of 
ground-level fogging and icing problems in the 
vicinity of hyperbolic towers is small. However, 
where towers are placed near exposed roads, 
hills, or other obstructions, problems can de- 
velop if not considered at the time of design. 
Care should also be taken in locating the cool- 
ing towers at fossil-fueled plants to minimize the 
mixing of moist air and stack gases. 

Natural draft towers have a high capital cost 
as compared to mechanical draft towers, but the 


Figure 10.9—Three cooling towers are used at TVA’s 
1,400-megawatt Paradise Steam Plant in western Ken- 
tucky to supplement the cooling capacity of the Green 
River. Each tower is large enough at the base to cover 
a football field and is 437 feet high. 


latter have higher operation and maintenance 
expenses because of the moving parts and the 
power required to drive the fans. 


Dry Cooling Towers 


In “dry” or “air” cooling systems, the heat is 
dissipated to the air by conduction and convec- 
tion in a heat exchange system analagous to an 
automobile radiator. Thus, there are no evapo- 
rative losses of water with subsequent make-up 
requirements, but much greater air movement is 
necessary to absorb the heat. The cooling tem- 
peratures achievable in dry-type towers are lim- 
ited by the dry bulb rather than the wet bulb air 
temperature with the result that higher turbine 
exhaust temperatures, and higher condenser 
back-pressure will be experienced. This could 
place a severe penalty upon the efficiency and 
capability of the power plant. In most cases, the 
loss in capacity would occur during very warm 
weather when loads are highest. In cold cli- 
mates, problems of freeze-up during periods of 
plant shutdown or partial operation may cause 
operating difficulties. 

There are two basic types of air-cooled con- 
densing systems. In the direct system, the tur- 
bine exhaust steam is conveyed through large-di- 
ameter ducts to the cooling facility where 
headers distribute the steam to sections of 
finned tubes. A flow of air, usually provided by 
large fans, passes over the tubes and condenses 
the steam. The cooled condensate is then re- 
turned to the boiler feedwater circuit. A num- 
ber of cooling systems of this type have recently 
been constructed, mostly in Europe and gener- 
ally serving plants with relatively small installa- 
tions. However, a 160-megawatt plant in Spain 
is reported to use direct-type dry cooling. As 
shown in figure 10.10, direct dry cooling is uti- 
lized by a 20-megawatt unit recently completed 
in Wyoming. A similar type facility for a 3- 
megawatt unit was constructed in the same area 
in 1962. 

Indirect dry cooling, generally referred to as 
the Heller system, is illustrated in figure 10.11. 
This system utilizes a direct contact condenser 
into which the cooled water is sprayed to mix 
with and condense the exhaust steam. Some of 
the warm water from the condenser goes to the 
boiler feedwater circuit, but most of it is 
pumped to a dry-type tower for cooling. The 
flow of air over the cooling coils may be pro- 
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Figure 10.10—Air cooled condensing is used by Black 
Hills Power and Light Company’s 20-megawatt unit in 
the Neil Simpson station near Gillette, Wyoming. 
Exhaust steam enters a header which feeds sections of 
finned-tubes where it is condensed and cooled. Air is 
forced over the tube sections by six fans, each 18 feet 
in diameter. 


vided either by fans or by natural draft. The 
cooled water is recirculated to the condenser to 
repeat the cycle. Several plants using indirect 
dry cooling have been constructed, mostly in 
Europe. An installation of this type utilizing a 
natural draft cooling tower was constructed at 
Rugeley, England in 1962 to service a 120-mega- 
watt unit. A similar installation was completed 
in 1971 to service a 200-megawatt unit at the 
Grootvei plant in South Africa. The principal 
difference between direct and indirect dry cool- 
ing systems is the large volume of exhaust steam 
which must be handled in the direct system, 
compared to the smaller volume of circulating 
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water in the indirect system. Consequently, the 
direct-type system may be limited to generating 
unit sizes of 200 to 300 megawatts, whereas the 
indirect type may be provided for unit sizes of 
1,000 megawatts and larger. 

Because of the large surface area required for 
heat transfer and the large volumes of air that 
must be circulated, dry cooling towers are sub- 
stantially larger and more expensive than evapo- 
rative towers. However, in arid regions there is 
need for cooling systems that do not make con- 
sumptive use of water, so further investigation 
and development of dry cooling towers is desira- 
ble and should be given high priority. 


Cost of Cooling Water Systems 


The costs of various types of cooling systems 
depend upon the design criteria and the site 
conditions. Ranges of costs have been developed 
from data supplied by a number of electric util- 
ity systems. Although both higher and lower 
costs have been quoted, the ranges developed 
are believed to be reasonable. It should be 
noted that only two small dry-type cooling tow- 
ers have been constructed in the United States. 

Ranges of estimated investment costs of cool- 
ing water systems are summarized in table 10.1. 
The costs cover such items as pumps, piping, 
canals, ducts, intake and discharge structures, 
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dams and dikes, reservoirs, cooling towers, and 
appurtenant equipment. The costs of condensers 
and auxiliaries have been excluded, ‘The cost es- 
timates for cooling ponds are predicated on the 
availability of sites with relatively low costs for 
lands and relocations. 


An operating expense common to all cooling 
systems is the cost of power needed to pump the 
water through the systems, In most cases, cool- 
ing towers would have pumping heads in the 
range of 35 to 55 feet greater than those re- 
quired in once-through systems. The added 
pumping power for evaporative towers would be 
equivalent to one-half percent or more of the 
plant output. Power to drive the fans in me- 
chanical draft evaporative cooling towers would 
be equivalent to as much as one percent of the 
plant output. Annual operation and mainte- 
nance expenses, except for pumping costs, are 
relatively small for once-through systems. For 
cooling tower systems, annual operation and 
maintenance expenses, exclusive of costs of 
power for pumping and to drive fans, are equiv- 
alent to one to two percent or more of the in- 
vestment cost of the cooling systems. 


The use of evaporative cooling towers rather 
than once-through systems could increase the 
cost at the plant of generating power by as 
much as five percent or more. Also, the higher 
water temperature at the condenser inlet that 
would normally result from the use of cooling 
towers would produce a lower turbine efficiency. 
Most estimates indicate a one percent capacity 
penalty chargeable against plants using wet cool- 
ing towers. Some estimates indicate that the use 
of dry-cooling towers rather than once-through 
systems could increase the cost of generating 
power at the plant by as much as 20 to 25 per- 
cent. ‘Thus, from an economic standpoint, dry- 
type cooling does not compare favorably with 
other types at locations where adequate water 
supplies are available. Also, the plant output 
may be from 6 to 8 percent lower than the out- 
put with once-through cooling because of the ef- 
ficiency penalty of dry-type cooling. 


Esthetics of Waste Heat Disposal 
Systems 


Esthetic considerations are becoming of 
greater importance in designing and construct- 
ing structural improvements. In addition to the 


TABLE 10.1 


Comparative Costs of Cooling Water Systems for 
Steam-Electric Plants 


Investment Cost, $/kW + 


Type of System Fossil- Nuclear- 
Fueled Fueled 
Plant ? Plant * * 
Once through *0tiirs, sen) 2.0070 ,00 300-5 ,00 
Cooling ponds °,........, .. 4,00-6,00 6 .00-9 00 
Evaporative cooling towers: 
Mechanical draft......... 5 .00-8 .00 8.00-11,00 
Naturalidrafty.. seccre. « 6 00-9 .00 9,00-13 00 
Non-evaporative cooling towers: 
Mechanical draft......... 18.00-20.00 26.00-28.00 
Naturabdratt ca. .ascnsr ss 20.00-24.00 28.00-32.00 


1 These investment costs represent ranges derived as of 
the year 1969. Future construction costs will probably be 
higher. 

2 Based on unit sizes of 600 MW and larger. 

5 For light water reactor plants. High temperature gas 
cooled, liquid metal cooled, or molten salt reactor plants, 
same as fossil fueled. 

4 Circulation from lake, stream, or sea and involving no 
investment in pond or reservoir. 

5 Artificial impoundments designed to dissipate entire 
heat load to environment. Cost data are for ponds capable 
of handling 1,200-2,000 MW of generating capacity. 


efforts to improve the quality of the air and of 
water courses, steps are being taken to maintain 
and protect the natural beauty of the general 
environment. In general, the esthetic impact of 
various methods of waste heat disposal are in- 
versely proportional to the cost of the system. 
Chapter 12 includes a discussion of esthetic 
considerations involving waste heat disposal sys- 
tems. 


Effects of Thermal Discharges 
on Ecology ; 


All discharges of heated water will contribute 
to physical and biological changes in the receiv- 
ing body. ‘These changes can be beneficial, detri- 
mental, or insignificant depending upon the 
ecology of the particular water body, the desired 
uses of that body, and the amount and tempera- 
ture of the discharges. When the discharge of 
heated cooling water produces effects that are 
detrimental to other desired uses of water, it~ 
can be said that “thermal pollution” has oc- 
curred, Thermal pollution is significantly differ- 
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ent from other forms of pollution, since, unlike 
chemical wastes or sewage, it does not involve 
the addition of foreign matter to the environ- 
ment and the heat is usually dissipated into the 
atmosphere rather quickly. The addition of heat 
to water bodies, however, may increase rates of 
chemical solubility and biochemical reactions, 
causing effects on aquatic organisms in the area 
of higher temperatures. Thus, the addition of 
heat to a water body can alter the aquatic envi- 
ronment unfavorably and heat may then be re- 
garded as a potential polluting agent. 

Although much has been learned regarding 
the control of this recently recognized pollution 
problem, there are still large gaps in the avail- 
able knowledge. Following is a discussion of 
some of the effects of thermal discharges on 
water, the effects of such discharges on aquatic 
life and water uses, and possible beneficial uses 
of the thermal discharges. 


Effects on Water 


The capacity of water to hold dissolved oxy- 
gen is decreased with an increase in tempera- 
ture. This oxygen-carrying capacity is usually 
expressed as the saturation level. Thus, the dis- 
solved oxygen concentration at saturation is less 
at elevated temperatures than at lower tempera- 
tures. For example, raising the water tempera- 
ture from 55 to 68 degrees F. results in a loss of 
approximately 13 percent in the oxygen-carrying 
capacity (saturation level) of the water. Studies 
at some existing power plants with once-through 
cooling indicate that despite the adverse effects 
suggested by theoretical and laboratory studies, 
heating of the water by the power plants does 
not cause a change in the dissolved oxygen con- 
tent of the water in passing through the con- 
densers. The saturation level may be changed 
but, inasmuch as few natural waters used for 
cooling purposes exist at saturation, the effect is 
negligible. 

The addition of heat to a water body can 
cause stratification because of the reduced den- 
sity of the water at increased temperatures. The 
difference in density with a relatively few de- 
grees difference in temperature is often sufficient 
to cause the waters to flow as separate and dis- 
tinct layers. ‘Thus, heated water discharged to 
the surface of a water body tends to spread out 
and remain on the surface. Cooling water taken 
from the hypolimnion of a reservoir and dis- 


charged after use at a temperature lower than 
that of the surface may move as an interflow 
below the surface layer. 


Effects on Aquatic Life 


Water provides the environment for many 
species of organisms, and changes in its tempera- 
ture, chemical content, and rate of flow may af- 
fect the kinds and numbers of such organisms in 
a given water body. The increasing demands for 
larger cooling water supplies for steam-electric 
plants have resulted in a number of studies of 
the effects of thermal discharges on aquatic life. 
However, predictions as to the effects of both 
temperature changes and maximum _ tempera- 
tures still cannot be made with certainty, espe- 
cially if the changes are gradual, are not far 
from ambient temperatures, and occur for only 
a short time, or affect limited areas or volumes 
of large water bodies. The ability of ecosystems 
to adapt to or to recover from partial changes is 
a major consideration. 

Temperature changes normally play an im- 
portant and highly regulatory role in the 
growth of aquatic plants and in the growth and 
physiology of fish and other cold-blooded 
aquatic animals. Reproductive cycles, digestive 
rates, respiration rates, and other processes oc- 
curring in the bodies of aquatic animals are 
often temperature dependent. These effects are 
not consistent among species, however, so ther- 
mal constraints are among the most difficult to 
define and establish. It is known that tempera- 
tures higher than those normally experienced, 
particularly during summer months, can be det- 
rimental in a variety of ways. The survival of 
individual organisms can be jeopardized; they 
may be more susceptible to disease or to the ef- 
fects of toxic agents; their food supply or their 
ability to catch food may diminish; and the ina- 
bility to reproduce or to compete successfully 
with other organisms may indirectly eliminate a 
species. There may also be unpredictable syner- 
gistic effects, related to dissolved heavy metals 
for example. The elimination of one species in 
the food chain may change the ecological bal- 
ance and cause significant changes in the compo- 
sition of the plant and animal life that remains. 

All aquatic species have an optimum tempera- 
ture range. If the water temperature varies 
above or below this range the chances of sur- 
vival for a particular species decrease. Rapid 


I-10-9 


change in temperature caused by thermal plant 
start-up and shut-down can be lethal to orga- 
nisms in the affected area, although adult fish 
generally have the ability to avoid undesirable 
temperatures. For some aquatic species the effect 
produced by the warming of initially cold water 
could be beneficial. But the chances of survival 
of this same species would be progressively di- 
minished if the temperature is further increased, 
especially if the change is rapid. Since different 
species favor different temperatures, a warming 
trend may lead to the population decline of one 
species and the growth of another. 

Studies indicate that oxygen consumption of 
aquatic vertebrates increases with rises in tem- 
perature up to a limiting temperature beyond 
which the physical exchange of oxygen in the 
blood is no longer possible. This increased need 
for oxygen is coupled with the decreased ability 
of the water to hold oxygen at higher tempera- 
tures. 

Changes in temperature can cause certain 
gases dissolved in the water to change their 
selective toxicity toward fish. Studies show that 
low concentrations of carbon dioxide can be le- 
thal above certain temperatures. An increase in 
the temperature of water saturated with nitro- 
gen may result in the water becoming supersat- 
urated. As supersaturation increases, the nitro- 
gen dissolved in the water more easily changes 
to the gaseous state and forms bubbles. Such con- 
ditions can be lethal to salmonoid and other fish. 
This special problem may occur in segments of 
the Columbia River when dams release stored 
waters which have been supersaturated with 
nitrogen. Corrective measures are being taken. 

Thermal discharges when properly controlled 
have resulted in an increase in the ability of cer- 
tain commercially valuable aquatic species to 
multiply, while at the same time decreasing the 
time for the species to reach maturity. Experi- 
ence has shown that in a number of plant loca- 
tions the discharge of waste heat to a stream or 
reservoir has improved fishing in the vicinity of 
the discharge during the cooler months of the 
year. 

The use of water for cooling purposes at 
steam-electric plants may have effects on aquatic 
organisms other than those resulting from ther- 
mal discharges. The effects of passing fish and 
their larvae or eggs through pumps and con- 
densers may indicate the need for screening in- 


takes, preferably with traveling screens having 
little or no impingement velocity. Some orga- 
nisms too small to screen may be affected by the 
high condenser temperatures as well as increased 
pressure and velocity resulting from entrain- 
ment and passage through the condenser tubes. 
Chemicals used intermittently for defouling the 
condensers could adversely affect fish and fish 
food organisms. 


Effects on Water Uses 


Although some uses of water bodies are not 
affected by changes in temperature, other uses 
may be affected either beneficially or adversely. 
Among the uses of fresh waters that are affected 
by heat discharged in cooling water from steam- 
electric plants are those for public water sup- 
plies and organic waste disposal. Some _ in- 
dustrial uses may also be affected if the water is 
heated. 

Chemical reactions tend to proceed at a faster 
rate as water temperatures rise. This could re- 
duce the amount of chemicals required for the 
treatment of public water supplies. It has been 
estimated that the resulting savings would range 
from 30 to 50 cents per million gallons of water 
treated for each 10 deg. F. rise in temperature. 
On the other hand, increases in summer water 
temperatures make drinking water less palatable 
and tend to push algal populations in the direc- 
tion of a greater proportion of blue-green algae. 
Some blue-green algae are notorious for produc- 
ing tastes and odors in water supply systems, 
again affecting palatability. 

Temperature is a major factor in determining 
the organic waste assimilation capacity of a 
water body. The water temperature plays a tri- 
ple role, affecting the rate of oxidation of pollu- 
tants, the capacity of the water to hold oxygen 
in solution, and the rate of reaeration of the 
water. The net effect of adding heat to a stream 


' may be a lowering of its capacity for satisfacto- 


rily assimilating organic wastes. 


Possible Beneficial Uses of Waste Heat 


In winter, adding heat to a river could be 
beneficial if the added heat prevents ice and 
light-excluding snow covers from forming. Also, 
reaeration could take place in the open water 
areas below thermal discharges. . 

Studies are under way to find other feasible 
ways of utilizing waste heat from steam-electric 
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plants. Pertinent research needs are discussed in 
chapter 21. It appears unlikely, however, that 
practicable uses for significant amounts of the 
available waste heat will be found in the near 
future. A 1,000-megawatt steam plant requires 
about a billion gallons a day of cooling water, 
but under the most extreme condition the dis- 
charge water temperatures will be less than 
human body temperatures. Uses will therefore 
be limited, but could include such things as in- 
dustrial processing, improvements in irrigation 
agriculture, and advances in aquaculture. Rec- 
ognition is also being given to the use of cool- 
ing ponds for recreational purposes. The water 
might be used for space heating, but its thermal 
qualities are too low-grade for such use to be 
economically attractive. Similarly, very few in- 
dustrial processes can effectively use energy of 
such low quality. 

Agriculture is a potential user of waste heat. 
Irrigation with heated water could promote 
faster seed germination and growth and extend 
the growing season. Hothouses could be used to 
grow tropical or subtropical crops in the more 
temperate regions of the country. However, a 
number of problems need to be solved before 
large-scale use of heated water for irrigation 
could become common practice. Also, the effects 
of plant shut-down on such uses of warm water 
need to be explored. 

Another potential use of condenser discharge 
water is aquaculture. Marine and freshwater or- 
ganisms may be cultured and grown in channels 
or ponds fed with heated water. For example, it 
may be possible to grow commercially valuable 
oysters in areas where they cannot normally re- 
produce or survive due to low water tempera- 
tures. Studies are being made of the possibility 
of increasing lobster production in Maine with 
the use of waste heat. Consideration is being 
given in the Puget Sound region of Washington 
State to the use of warm water to promote the 
spawning and growth of oysters, crabs, and mus- 
sels. Proposals have been made in Wisconsin to 
use waste heat to warm sport fish hatchery 
waters and increase growth rates. 

The Long Island Lighting Company has an 
arrangement with a local oyster company which 
allows its Northport plant's cooling water dis- 
charge basin to be used f6r oyster production. 
Preliminary tests have shown that both oysters 
and hard-shelled clams not only survive but 


have exceptional growth in the cooling water. 
The water, which passes through stainless steel 
cooling jackets, is not only non-toxic to the 
young shellfish but also supports a luxuriant 
growth of microscopic algae, possibly because it 
is drawn from a deep section of Long Island 
Sound and has a high nutrient content. Thus, 
not only may the young oysters be grown in 
winter, but the lagoon may prove to be a much 
more satisfactory environment for seed oyster 
production throughout the year. The Long 
Island installation is shown in figure 10.12. 

An experimental installation has been made 
by a private company at the Gallatin steam-elec- 
tric plant of the Tennessee Valley Authority to 
determine how much increase in production 
will result from growing catfish in warm con- 
denser discharges, compared to production of 
catfish in unheated river water. If the results of 
the experimental installation are as expected, 
the entrepreneur plans to install a commercial- 
sized installation. The Texas Electric Service 
Company has conducted successful experiments 
of catfish culture in the cooling water discharge 
canal at its Morgan Creek plant. 

The warm waters of cooling ponds can pro- 
vide important recreational areas. Lands adja- 
cent to the 2,600-acre Lake Sangchris are being 
developed by the State of Illinois for recrea- 
tional use. In addition to fishing, facilities are 
to be provided for boating, camping, and pic- 
nicking. This lake was created by Common- 
wealth Edison Company to provide a source of 
cooling water for its 1,200-megawatt Kincaid 
generating station. The cooling pond for Vir- 
ginia Electric and Power Company’s 1,140-mega- 
watt Mt. Storm plant is used for boating and 
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Figure 10.12—The cooling water discharge basin for Long 
Island Lighting Company’s Northport plaut on Long 
Island Sound will include an oyster hatchery and 
marine museum facility, the foundation of which is 
shown on the far bank. An experimental nursery in- 
stallation is shown near the center of the basin. 
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Figure 10.13—Kansas City Power & Light Company’s 
Montrose Lake provides cooling water for its 563-mega- 
watt Montrose power plant and is available for camp- 
ing, fishing, boating, and waterfowl hunting. 


water skiing. Kansas City Power & Light Com- 
pany placed its Montrose Lake under the juris- 
diction of the Missouri Conservation Commis- 
sion which maintains facilities for various types 
of recreation. Figure 10.13 is an overall view of 
this impoundment. 

Figure 10.14 shows some of the possibilities in 
the use of cooling ponds for various recreational 


and residential purposes. However, care must be 
exercised in selecting the types of uses, to avoid 
those uses contributing significantly to the eu- 
trophication process of the pond and adversely 
affecting its usefulness for cooling purposes. 


State and Federal Regulation 
of Water Quality 


Various State and Federal laws for regulating 
the quality of water bodies may affect the loca- 
tion and design of steam-electric plants. Princi- 
pal Federal statutes include the Water Quality 
Act of 1965, the Water Quality Improvement 
Act of 1970, and the implementation of provi- 
sions of the 1899 Refuse Act. Also, the Federal 
Power Commission has some responsibility for 
water quality regulation where steam-electric 
plants utilize lands and waters of licensed hy- 
droelectric developments. 


Water Quality Act of 1965 


Although water quality standards had pre- 
viously been adopted by some States and inter- 
state bodies, a major impetus was given to the 
establishment and enforcement of such stand- 
ards when the Federal Water Pollution Control 
Act was amended by the Water Quality Act of 
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Figure 10.14—Possible multiple uses of a cooling lake. 
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1965.1 Under that statute, the States were au- 
thorized to establish, within guidelines devel- 
oped by the Secretary of the Interior, water 
quality standards for interstate streams, includ- 
ing coastal waters, and to submit these for ap- 
proval as Federal standards by the Secretary, 
or, after the governmental reorganization of 
December 2, 1970, by the Administrator of 
the Environmental Protection Agency.? If the 
States fail to submit acceptable standards, the 
Administrator is authorized to establish such 
standards. 

The Act requires that the standards be such 
as to protect the public health or welfare and 
enhance the quality of water. In establishing the 
standards, consideration is to be given to the use 
and value of water for public water supplies, 
propagation of fish and wildlife, recreational 
purposes, and agricultural, industrial, and other 
legitimate uses. 

As intepreted by the Environmental Protec- 
tion Agency, the standards to be established in- 
clude water use classifications, criteria necessary 
to support uses under the respective classifica- 
tions, and a plan for implementation and en- 
forcement. ‘The criteria include the physical, 
chemical, or biological characteristics needed by 
aquatic life, industrial processes, or other in- 
tended uses. For streams expected to have more 
than one use, the criteria of the most sensitive 
use would be governing in establishing the 
standards. In most cases the criteria applicable 
to fish and other aquatic life would be control- 
ling, although domestic water supply would be 
an important factor in some areas. 

As an aid in reviewing proposed water quality 
standards, the Secretary of the Interior, who was 
then responsible for administering the Water 
Quality Act, appointed a National Technical 
Advisory Committee on Water Quality Stand- 
ards. The Committee’s report, published in 
1968, recommended criteria in five general areas 
of water use. In considering uses by fish and 
other aquatic life, the Committee discussed var- 
ious temperature requirements. It concluded 
that, in view of the many variables, no single 
temperature standard could be applied to the 
country as a whole, or even to one State. 


1PL 89-234, approved October 2, 1965, 33 U.S.C. § 1151 
et seq. (1970). - 

2 Chapter 11 summarizes the provisions of the reorgani- 
zation plan, as related to EPA. 


As a general guide, the Committee recom- 
mended that, during any month of the year, 
heat should not be added to a stream in excess 
of the amount that would raise the temperature 
of the water (at the expected minimum daily 
flow for that month) more than 5 deg. F. In 
lakes and reservoirs the temperatures of the epi- 
limnion should not be raised more than 3 deg. F. 
above that which existed before the addition 
of the heat of artificial origin. Unless a special 
study showed that a discharge of heated effluent 
into the hypolimnion or pumping water from 
the hypolimnion (for discharging back into the 
same water body) would be desirable, such 
practice was not recommended. For estuarine 
areas, the monthly means of the maximum daily 
temperatures recorded at a site before the addi- 
tion of heat should not be raised more than 4 
deg. F. during fall, winter, and spring, or by 
more than 1.5 deg. F. in summer. Inland trout 
streams, headwaters of salmon streams, trout 
and salmon lakes and reservoirs containing sal- 
monids, should not be warmed. Also, no heated 
effluents should be discharged in the vicinity of 
spawning areas. 

The Committee recognized the need for mix- 
ing areas but stressed the essential requirement 
that adequate passageways be provided at all 
times for the movement or drift of the biota in 
the water body. It noted that the shape and size 
of mixing areas would vary with the location, 
size, character, and use of the receiving water 
and should be established by proper administra- 
tive authority. 

The temperature criteria in water quality 
standards proposed by the States are to be estab- 
lished on the basis of the proposed uses of the 
water bodies. Generally, maximum permissible 
temperature and maximum changes in tempera- 
ture constitute the criteria. Some States have 
specified maximum rates of change in tempera- 
ture. Several State standards provide for varied 
criteria depending upon the season of the year. 
Some waters are so designated as to allow no 
change from the natural conditions. In such 
cases, the limitations are usually determined by 
the requirements of fisheries. 

Most States have established 68 deg. F. as the 
maximum allowable temperature and from 0 to 
5 deg. F. as the maximum allowable change in 
temperature for streams with cold water fisher- 
ies. For warm water fisheries, the maximum al- 
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lowable temperatures are generally in the range 
of 83 to 93 deg. F. Some States have proposed 
higher temperature rises, but these generally 
have not been approved by the Environmental 
Protection Agency. Some States have specifically 
defined the limits of mixing zones while others 
have not. 

Many States have adopted as part of their 
standards the nondegradation statement pre- 
viously formulated by the Secretary of the Inte- 
rior. This statement provides that waters with 
quality above that provided for in the approved 
standards will not be permitted to be degraded 
below the present quality level. Exceptions to 
this policy in specific instances could be pro- 
posed by the States, subject to Federal approval. 

It should be recognized that the proposed and 
approved temperature criteria are not neces- 
sarily established permanently. On the basis of 
experience, changes may be proposed by the 
States or the Environmental Protection Agency 
and approved by the Administrator. It should 
be noted also that, in addition to the criteria 
for interstate and coastal waters, many States 
have established standards for intrastate waters. 

The Federal Water Pollution Control Act, as 
amended, declares it to be the policy of Con- 
gress to recognize, preserve, and protect the pri- 
mary responsibilities and rights of the States in 
preventing and controlling water pollution. 
Consistent with that policy declaration, the Act 
provides that State and interstate action to 
abate pollution of interstate or navigable waters 
shall be encouraged and shall not, except as oth- 
erwise provided by or pursuant to court order, 
be displaced by Federal enforcement action. 
The Act provides, also, that the discharge of 
matter into interstate waters, or portions 
thereof, which reduces the quality of such wa- 


ters below the approved water quality standards . 


is subject to abatement in accordance with Fed- 
eral procedures set forth in the Act. 

The Federal procedures to abate pollution, 
which is or may be occurring, provide for the 
Environmental Protection Agency, under condi- 
tions outlined in the Act, to convene abatement 
conferences, call public hearings, and take other 
enforcement actions. If, after such proceedings, 
satisfactory actions are not taken, the Adminis- 
trator may request the Attorney General to 
bring suit to secure abatement of the pollution, 
including thermal pollution. 


The Act provides that the court shall receive 
in evidence the prior record of the proceedings 
and receive such further evidence as the court 
deems proper. The court, “giving due considera- 
tion to the practicability and to the physical 
and economic feasibility of securing abatement 
of any pollution proved, shall have jurisdiction 
to enter such judgment, and orders enforcing 
such judgment, as the public interest and the 
equities of the case may require”. 


Water Quality Improvement Act of 1970 


The Water Quality Improvement Act of 
1970, a further amendment of the Federal 
Water Pollution Control Act, provides that an 
applicant for a Federal license or permit to con- 
duct any activity which might result in any dis- 
charge into the navigable waters of the United 
States must provide to the licensing agency a 
certification from the State or appropriate inter- 
state agency, that there is reasonable assurance 
that such activity will be conducted in a man- 
ner which will not violate applicable water 
quality standards. 

In cases where the standards have been pro- 
mulgated by the Environmental Protection 
Agency, or where the State or interstate agency 
does not have authority to give the certification, 
such certification shall be from the Administra- 
tor. For any application for license that was 
pending on the date of approval of the Act and 
for which license was issued within one year of 
the enactment date, the certification must be 
furnished within one year of the issuance of the 
license. Where actual construction of the facility 
was under way on the date of approval of the 
Act, the certification must be provided within 
three years of the enactment date. 


Refuse Act of 1899 


The 1899 Refuse Act‘ provides that it is un- 
lawful to discharge refuse matter into navigable 
waters of the United States or their tributaries. 
The Act provides further that the Secretary of 
the Army, whenever the Chief of Engineers de- 
termines that anchorage and navigation will 
not be injured thereby, may issue permits for 
the deposits of material into navigable waters. 


3 PL 91-224, approved April 3, 1970, 33 U.S.C.A. § 1171 
(1971). 

4Section 13 of the Act approved March 3, 1899, 33 
U.S.C. § 407 (1970). 
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These provisions of law have been little used in 
the past. However, by Executive Order® the 
President has directed the executive branch of 
the Federal Government to implement a permit 
program under the Refuse Act to regulate the 
discharge of pollutants and other refuse matter 
into navigable waters of the United States or 
their tributaries. One of the authorizations re- 
lied upon in undertaking this program is a pro- 
vision in the National Environmental Policy 
Act of 1969 directing that, to the fullest extent 
possible, policies, regulations, and public laws of 
the United States be interpreted and adminis- 
tered in accordance with the environmental pro- 
tection policies set forth in that Act. 


Regulations governing operation of the per- 
mit program were published on April 7, 1971. 
The program is administered by the Corps of 
Engineers. Under the regulations, permits are re- 
quired for all direct and indirect discharges or 
deposits (except those flowing from streets and 
sewers) by any person, firm, or other entity into 
a navigable waterway or tributary. Water dis- 
charged into a navigable waterway or tributary 
at a temperature different from that of the re- 
ceiving water is considered to be a discharge or 
deposit to which the Refuse Act is applicable. 


Decisions as to whether, or on what condi- 
tions, a permit under the Refuse Act may be 
granted are to be based on an evaluation of the 
impact which the discharge or deposit may have 
on (1) anchorage and navigation, as determined 
by the Corps of Engineers; (2) applicable water 
quality standards and related water quality con- 
siderations, as determined by the Environmental 
Protection Agency; and (3) fish and wildlife 
values not reflected in or adequately protected 
by applicable water quality standards, based on 
recommendations of the Secretaries of the Inte- 
rior and Commerce. No permit would be issued 
in cases where an applicant is required but fails 
to obtain a State or other appropriate certifica- 
tion under the Water Quality Improvement Act 
of 1970, that the discharge or deposit will not 
violate applicable water quality standards. Per- 
mits would normally be subject to revalidation 
at the expiration of five years. However, a per- 
mit of longer duration and subject to such re- 
validation provisions as the Corps of Engineers 
may consider appropriate may be issued with 


5 Executive Order 11574, issued December 23, 1970. 


the approval of the Environmental Protection 
Agency. 

Enforcement of the permit program may in- 
volve the institution of either civil or criminal 
actions by the Department of Justice under the 
Refuse Act, or the initiation of administrative 
proceedings to suspend or revoke the permits. 


Other Regulatory Authorities 


In addition to having primary responsibility 
for enforcing water quality standards and for 
granting certificates covering compliance of pro- 
posed facilities with applicable water quality 
standards, some States now consider, and others 
are instituting arrangements for considering, 
thermal effects in granting certificates for power 
plant construction. 

In cases where steam-electric plants make use 
of lands and waters of non-federal hydroelectric 
developments licensed by the Federal Power 
Commission, the Commission may include pro- 
visions in the hydroelectric licenses regulating 
such use by the steam-electric plants, including 
use of the waters for cooling. The Commission 
has determined (40 FPC 522) that, in the inter- 
est of protecting and developing the fishery re- 
sources affected by a project, it can require com- 
pliance with water quality standards, including 
thermal criteria, more stringent than those ap- 
proved for use by the States. In formulating li- 
cense conditions, the FPC obtains the views and 
recommendations of appropriate State and Fed- 
eral agencies. The Commission may require 
operational studies to assure compliance with, 
or need for meeting more stringent, water qual- 
ity standards. 

By Order No. 412, issued October 22, 1970, 
the Commission required electric utilities to re- 
port steam-electric plant air and water quality 
contro] data on a new FPC Form 67. The order 
required an initial filing for 1969 and annual 
reports thereafter. Required information in- 
cludes for each steam-electric plant, data on 
cooling water system designs, capital and annual 
costs of cooling operations, water use data, tem- 
perature measurements, and amounts and costs 
of chemicals used in cooling operations. 


Analyses of Cooling Systems for 
Projected Steam-Electric Plants 

Analyses were made of the possible cooling 
systems of steam-electric plants projected to be 
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in operation in 1980 and 1990 in order to indi- 
cate the probable impacts on the nation’s water 
resources and the range of effects on power 
costs. The analyses were made on a plant-by- 
plant basis but considered only plants with in- 
stallations of 500 megawatts or more, Plants of 
this size constitute approximately 75 percent of 
the total steam-electric capacity in 1970, 90 per- 
cent of the projected steam-electric capacity in 
1980, and 97 percent of that projected for 1990. 


Basis of Analyses 


Analyses were made of the possible types of 
condenser cooling, sources of cooling water, 
water uses, and cooling water costs for steam- 
electric plants projected to be in operation in 
1980 and 1990. Recognizing the lack of sufficient 
information to make long-range predictions of 
the possible impacts of thermal criteria on cool- 
ing water designs, the studies were made on the 
basis of three alternative assumptions. The re- 
sults indicate the possible range of impacts on 
water resources and on the cost of power pro- 
duction. 

Study A was made on the assumption that 
compliance with thermal criteria comparable to 
those suggested by the National Technical Advi- 
sory Committee would adequately protect the 
quality of water bodies. This would include the 
use of properly designed mixing zones of care- 
fully delineated, limited areas. However, no site 
would be considered available for once-through 
cooling use until thorough biological and other 
relevant studies had been completed and the 
projected effects were shown to be within ac- 
ceptable limits. Provisions would need to be 
made for post-operation monitoring studies. 
Under Study A, a once-through cooling system 


was selected for each plant where conditions ap- 


peared favorable for meeting the above require- 
ments. Possible sources of cooling water in- 
cluded rivers, lakes, reservoirs, and estuaries. At 
some coastal locations, ocean outfalls were se- 
lected. At sites where conditions did not appear 
favorable for meeting the above requirements, 
and where sufficient land area appeared to be 
available, cooling ponds were selected. For sites 
where land for cooling ponds was not available, 
evaporative cooling towers were selected. In mak- 
ing this study, supplemental cooling facilities 
were selected in all cases where there was doubt 
that the protective requirements stated above 


could be met. The following temperature rises, 
after mixing of the condenser discharges, were 
selected: 


Streams with cold water fisheries 2° Fs 
Streams with warm water fisheries 5°F. 
Estuaries—summer months L.5°E 
Estuaries—winter months 4°F, 


Study B was made on the assumption that the 
thermal criteria suggested by the National Tech- 
nical Advisory Committee, including appropri- 
ate mixing zones, would prove to be inadequate 
for protecting the quality of water bodies. Thus, 
each plant or plant addition constructed after 
1970 would be expected to require a cooling 
pond or an evaporative cooling tower unless it 
could utilize water from the ocean, with a long 
outfall. 

Study C was made on the assumption that 
each plant operating in 1980 and 1990, regard- 
less of when constructed, would be expected to 
require a cooling pond or an evaporative cool- 
ing tower unless it could utilize water from the 
ocean, with a long outfall. This would require 
the backfitting of plants constructed without 
such facilities. 

Table 10.2 shows the basis for estimating the 
cooling water requirements. 

Although no dry cooling towers were selected 
in the analyses, it appears likely that such instal- 
lations will be made at some sites during the 
next 20 years. It is believed, however, that the 
number will not be sufficiently large to affect 
appreciably the results of the analyses. 


Impacts on Water Resources 

Table 10.3 summarizes the estimated national 
water uses for steam-electric power plant cooling 
under 1970 conditions and under Studies A, B, 
and C. As shown in the table, the fresh water 
withdrawals in 1990 under Study A would be al- 
most three times the 1970 withdrawals but such 
withdrawals under Study C would be only one- 
seventh of the 1970 withdrawals. However, the 
consumptive use of fresh water in 1990 would be 
seven times the 1970 amount under Study A but 
10 times the 1970 amount under Study C. The 
14,700 cubic feet per second estimated to be con- 
sumed in 1990 under Study C is equivalent to 
the average annual runoff at the mouth of the 
Potomac River. It is equal to nearly one percent 
of the average annual runoff of all rivers in the 
conterminous United States. However, one per- 
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TABLE 10.2 


Estimated Cooling Water Requirements for 1,000-Megawatt Steam-Electric Plant Operating at Full Load 


Condenser Flows-cfs 


Consumptive Use, cfs 


Plant For Various Temperature For Various Types of Cooling 
Type of Plant Heat Rate ! Rises Across the Condenser 
Btu/kWh Once Cooling Cooling 
10° F 15°F 20° F Through Ponds ? Towers 3 
POM 980) eee keen: 9,500 2,080 1,390 1,040 12 16 28 
Fossil(1990) occ hees 9,000 1,890 1,260 950 10 14 26 
Nuclear (1980), .....5. 10,500 2,920 1,950 1,460 17 22 40 
Nuclear (1990)......... 10,000 2,710 1,810 1,360 15 20 35 


1 For fossil-fueled plants in operation in 1970, a heat rate of 10,000 Btu per kWh and a temperature rise of 13° F were 


assumed, except where reported heat rate data were available. 


2 Where appropriate, an additional allowance was made for natural evaporation from the pond surface. 


8 Evaporative towers; includes blowdown and drift. 


cent of a rivers mean annual flow could 
amount to 15 to 20 percent of its low monthly 
flow in humid regions and substantially higher 
percentages in arid regions. 

Figure 10.15 shows the estimated water uses 
for cooling purposes for each of the six Na- 
tional Power Survey regions. 


Effects on Power Costs 


Table 10.4 shows for the nation the estimated 
capital costs of cooling facilities, and the related 
annual and per-kilowatt-hour costs, under condi- 
tions existing in 1970 and under the three stud- 
ies for 1980 and 1990. As shown in the table, 
the cooling facilities expected to be in operation 
in 1990 under Study A would have a capital 
cost of $6.3 billion and an annual cost of $1.3 
billion compared to a capital cost of $9.8 bil- 


lion and an annual cost of nearly $2.0 billion 
under Study C. The resulting average cooling 
costs per kilowatt-hour of electric energy esti- 
mated to be generated by thermal plants in 
1990 would be 0.24 mill under Study A com- 
pared to 0.37 mill under Study C. These may be 
compared with the estimated unit cost under ex- 
isting conditions of 0.15 mill per kilowatt-hour. 
None of these estimates include allowances for 
the financial or economic cost of the water. 

Figure 10.16 shows the estimated capital and 
annual costs for cooling facilities for each of the 
National Power Survey regions. 


Overall Impacts 


The overall impacts of cooling water use by 
steam-electric plants on water resources and on 
power costs cannot now be projected with assur- 


TABLE 10.3 


Estimated National Water Use for Ste 


am-Electric Power Plant Cooling 


I Average Annual Withdrawals of Fresh and Saline Water in 1,000 Cubic Feet Per Second 


Existing Study A Study B Study C 
Year 
Fresh Saline Fresh Saline Fresh Saline Fresh Saline 

LO TOR Merariras tetera a perere hs ceee 111 A Ee ee A ea Se gee ci eran Ae MEN Me A Tn er 
AS YSTO ste ast ves re cancn bs Pek Zick EIB Gi-c 6 ORONO ose eect ee 153 133 114 ds 8 49 
OOO eee hese tae icc «aM ciewtancescs camera edrice scrote o uate 301 288 100 146 16 118 
II Consumptive Use of Fresh Water in 1,000 Cubic Feet Per Second 

Year Existing Study A Study B Study C 
OOS ree te ee 4 ee een COR m Aer a me Lee Watley ta cnc, Nap acuisre ais araceri! 6.0 wee Aes 
VOC OMe eer ieee cae Shee io: ca Nears scp aaen kere tees 4.3 5.8 6.6 
TOD 0) PN ee eee tn ea ef od sh an nn tste te 10.1 13.8 14.7 


WITHDRAWALS OF FRESH AND 


CONSUMPTION OF FRESH 


ESTIMATED ANNUAL WITHDRAWAL AND 
CONSUMPTIVE USE OF WATER FOR 
CONDENSER COOLING OF PROJECTED 
STEAM-ELECTRIC PLANTS UNDER 
ALTERNATIVE STUDY ASSUMPTIONS 
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Figure 10.15 
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ESTIMATED CAPITAL AND ANNUAL 
COSTS FOR COOLING WATER FACILITIES 


FOR PROJECTED STEAM-ELECTRIC 
PLANTS UNDER ALTERNATIVE STUDY 


ASSUMPTIONS 
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Figure 10.16 
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TABLE 10.4 


Estimated Costs of Cooling Facilities ' 


I. Capital Costs of Cooling Facilities in Operation in Billions of 
Dollars 


Year Existing Study A Study B Study C 
1970 eee On ORR ce acetic Oca eae eer 
NOSO ra ers ch eerie Psi oe 4.8 
1990 eho tanetie crook 6.3 8.0 9.8 


II. Annual Costs of Cooling Facilities in Billions of Dollars * 


Year Existing Study A Study BB Study C 
197 Ose Oe Sia ae eas. Ree eee 
LORDS aero eect 0.5 Om, 0.9 
1990 Sac hae oe ene Ng} 1.8 2n0 
III. Annual Costs of Cooling Facilities—Mills per Kilowatt- 

Hour ? 

Year Existing Study A Study B Study C 
197 OSe eee Seatac mcreksrn shore. oheacl: Ware trateree st nents 
RS TUE L aeeres Biers eOicwrala oF .22 28 39 
L990 eee hase screenees .24 33 37 


1 All of the figures in table 10.4 show costs of a “‘mix”’ of 
cooling facilities. In individual situations, the annual costs 
in mills per kilowatt-hour may differ substantially from 
those shown. Escalating costs of construction, money, and 
fuel, and design changes to meet new environmental cri- 
teria, may increase future annual costs. 

2These costs were derived by assuming 50 percent 
annual plant factor for fossil-fueled plants and 70 percent 
annual plant factor for nuclear-fueled plants. 


ance. It appears likely, however, that the effects 
will fall within the range defined by Studies A 
and C. The tradeoffs involved will be between 
the use of defined mixing zones in certain water 
bodies, savings in the consumptive use of water, 
and savings in power costs vs. strict adherence 
to established temperature criteria without mix- 
ing zones, substantial increases in the consump- 
tive use of water, and increases in power costs. 


Studies and Research 


Although substantial study and research on 
waste heat disposal problems has been com- 
pleted or is under way, much additional re- 
search is needed to assure effective handling of 
these problems, as discussed in chapter 21. 

In addition to general research, specific de- 
tailed studies of existing water temperature, 
water use, and water management conditions, 
utilizing the results of available research, can 
contribute to the wise selection of individual 
steam-electric plant sites. The site selection stud- 
ies should include appraisals of both advanta- 
geous and adverse effects. Biologists and engi- 
neers working together can determine means of 
achieving the dual objectives of meeting power 
loads as economically as possible, and of protect- 
ing the aquatic environments. 
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CHAPTER 11 
AIR POLLUTION 


Introduction 


Reducing air pollution from fossil fueled 
steam-electric plants to acceptable levels is one 
of the major challenges facing the electric utility 
industry. The need to resolve air pollution and 
other environmental problems has a significant 
bearing on where electric generating plants will 
be sited, what kind of plants will be built, what 
fuels will be burned, how reliable electric serv- 
ice will be, how much electricity will cost the 
consumer, and generally whether the electric 
utility industry will be able to keep pace in its 
construction program with the continuously 
growing demands for electric power. 

The public has become acutely aware that 
clean air is an important natural resource, and 
is demanding a reduction in emissions to the 
atmosphere, even though such demands will re- 
sult in increased prices for goods and services. 
The environmental problems associated with 
the generation of electric power are substan- 
tially exceeded in intensity and economic conse- 
quences by those caused by transportation 
equipment and are at least matched by those 
originating in either the general industrial sec- 
tor of the economy, the combustion of fossil 
fuels in millions of small space and water heat- 
ing furnaces, and the annual disposal of mil- 
lions of tons of solid wastes. The concentration 
of energy conversion in large power plants, how- 
ever, makes the effects of pollutant emissions 
more serious in local areas around the plants, 
and permits taking advantage of the technolo- 
gies and economies of scale in providing con- 
trols. 


Sources and Quantities of Air Pollutants 


The most significant air pollutants associated 
with power plants are carbon monoxide (CO), 
sulfur oxides (SO,), nitrogen oxides (NO,), hy- 


drocarbons (HC), and particulate matter. Car- 
bon monoxide as an air pollutant originates 
primarily in the gasoline-fueled internal com- 
bustion engine and in other devices burning 
fossil fuels or other carbonaceous matter under 
conditions of incomplete combustion. Atmos- 
pheric sulfur oxides originate during the com- 
bustion of sulfur-bearing coal, oil, and, to a very 
much smaller extent natural gas, in electric 
power plants, industrial boilers, and domestic 
and commercial heating furnaces, and also dur- 
ing the processing of sulfurous materials. Hydro- 
carbons are produced primarily by automobiles 
and other transportation equipment, with only 
negligible amounts resulting from the combus- 
tion of fossil fuels at power plants. Particulate 
matter includes fly ash from power and other in- 
dustrial plant stacks; soot and ash from other 
combustion processes; dusts from metallurgical, 
quarrying, and other industrial and agricultural 
processes; and the wear residue of such things as 
rubber tires and asbestos brake linings. Nitrogen 
oxides are primarily the products of reactions 
between the oxygen and nitrogen of the air sup- 
plied to support the combustion of fossil fuels 
in the internal combustion engine and in fur- 
naces. 

While the annual tonnage discharges of nitro- 
gen oxides into the atmosphere are less than 
those for any of the other major pollutants, ni- 
trogen oxides are particularly serious pollutants 
because of their role in the formation of eye-irri- 
tating and vegetation-damaging photochemical 
smog. 

Nationwide estimates of major airborne pollu- 
tants originating from various categories of social 
and economic activities are shown in table 11.1. 

Although the electric utility industry con- 
sumes about one-fourth of all fuel burned in 
the United States, it contributes only about 
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TABLE 11.1 


Estimated Nationwide Discharges of Airborne Pollutants—1968 


[Million tons] 


Carbon Particulate Sulfur Hydro- Nitrogen Total 
Source Monoxide Matter Oxides } Carbons Oxides ! 

Miransportationimr creeks 63.8 2 0.8 16.6 8.1 90.5 

Power plantsan. sy seieciere tee can 0.1 6 16.8 Neg. 4.0 26.5 
Other fuel combustion in stationary 

SOUICES J Naisis © ie SNe eats sere bad te ots 1b {3 5a WES 0.7 6.0 19.4 

Industrial processes tarts tee.- creer cis hell 30. Teno 4.6 0.2 29/3 

Solid)waste disposaligernaric « st cieteleiete ic 7.8 sh Oot 16 0.6 L142 

Miscellaneous pac: cemiiocrrrtee ene 16.9 6 0.6 8.5 ee y/ H/o) 

Total wrasis aces Sv ders one cite eee ss 100.1 28.3 3362 32.0 20.6 214.2 


Source: National Air Pollution Control Administration. (now Air Pollution Control Office, Environmental Protection 


Agency) 


1 Sulfur oxides expressed as tons of sulfur dioxide and nitrogen oxides as tons of nitrogen dioxide. 


one-eighth of the total mass of pollutants emit- 
ted into the Nation’s air. Sulfur oxides have 
been the most extensive air pollutant from elec- 
tric utility installations. Fossil fueled power 
plants have, until very recently, accounted for 
almost one-half of the national total because of 
the extensive use of sulfur-containing fuels. 
Changes in fuel use in recent years are changing 
this pattern, but sulfur oxide emissions are still 
a major industry problem. Other significant pol- 
lutants, and the ones most difficult to control in 
utility furnaces, are the oxides of nitrogen. 
Power plants account for about one-fifth of the 
national total. The particulates emitted from 
electric power plants, which are in most cases 


amenable to control, also account for about 
one-fifth of the national total. 

Estimates of 1968 power plant emissions to 
the atmosphere are shown in table 11.2 by type 
of fuel, and as a percent of the national total 
from all sources. 

Effective emission controls are being devel- 
oped and implemented, but the annual tonnage 
of pollutants discharged from electric power 
plants may continue to increase, despite con- 
tinuing shifts to nuclear generation and to the 
use of low-sulfur coal and oil, because genera- 
tion by electric utility power plants is expected 
to increase from 1.54 million megawatt-hours in 
1970 to 5.92 million megawatt-hours in 1990. 


TABLE 11.2 


Estimated Emissions from Fossil-Fueled Steam-Electric Power Plants—1968 


Sulfur Oxides Nitrogen Oxides Particulates 
MWh 
Source Generated Amount Percent Amount Percent Amount Percent 
(Million) (Million of U.S. (Million of U.S. (Million of U.S. 
tons) Total tons) Total tons) Total 
Goalhired 2 ye sp een: 685 WS) 46.69 3.0 14.57 5.6 19.79 
Oil-hredties..eeeeee 104 Les 3.91 0.4 1.94 0.02 0.07 
Naturaltpas nye erect 304 (2) 0.6 2.91 () 

Totalin seca 1,093 16.8 50.60 4.0 19.42 By ase 19.86 


Source: National Air Pollution Control Administration. 


1 Negligible. 
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The rate at which pollutants are emitted 
from a power plant burning fossil fuel depends 
upon the type and quality of fuel burned, de- 
sign of the boiler, method of combustion, and 
other factors. Average emission rates from exist- 
ing equipment, by type of fossil fuel, are listed 
in table 11.3. 

In the fall of 1970, the Federal Power Com- 
mission, introduced a new questionnaire on 
“Steam-Electric Plant Air and Water Quality 
Control Data” (FPC Form 67) to collect infor- 
mation on the quantities of pollutants emitted 
and cost of pollution abatement at electric 
power plants. Reliable data on the electric 
power industry’s contribution to the national 
air pollution problem is needed to evaluate the 
performance of power plants in complying with 
air quality control regulations. 


TABLE 11.3 


Emission of Pollutants at Electric Power Plants— 
Average Rate by Type of Fossil Fuel 


Coal Oil Gas 
Ib/ton Ib/1000 gal. Ib/10¢ ft? 
Nitrogen dioxide.. 20 104 390 
Sulfur dioxide..... 38S ! 1578S } 0.4 
Sulfur trioxide.... 0.68? 2,000 Negl. 
Carbon monoxide. 0.5 0.04 Negl. 
Hydrocarbons 
as methane..... 0.2 Sra Negl. 
Aldehydes as 
formaldehyde... 0.005 0.6 1 
Particulates....... 17A(1-E) 2 10(1-E) 2 15 


Btu Equivalent: 25,000,000/ton, 150,000,000/1,000 gal., 
1,044,000,000/108 ft’. 

Source: Compilation of Air Pollutant Emission Factors, 
_ NAPCA, Durham, North Carolina, 1968. 


1S equals percent sulfur in the fuel. For example, coal 
with two percent sulfur will emit 76 lbs. of SO. and 1.2 Ibs. 
of SO; per ton of coal burned, assuming no removal of SOx 
from the flue gases. In coal-fired boilers much of the SO; is 
removed with the ash. 


2 Emissions of fly ash are a function of the ash content of 
the fuel, type of furnace, and efficiency of the control equip- 
ment. For a dry bottom, pulverized coal unit, fly ash emis- 
sions in pounds per ton of coal burned would be 17A( 1-E), 
where A is the ash content of the coal expressed in percent 
and E is the efficiency of the precipitator expressed as a 
decimal. For coal having an ash content of 10 percent anda 
precipitator operating at an efficiency of 97 percent, the 
rate of emissions would be 17 X 10(1 — 0.97) = 5.1 lbs./ 
ton of coal. 
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Legislation and Abatement Programs 


In 1967 the Clean Air Act was amended by 
the Air Quality Act (PL 90-148, 42 U.S.C. § 1857 
et seq. 1970) to establish an intergovernmental 
system for the prevention and control of air pol- 
lution on a regional basis. The Department of 
Health, Education, and Welfare was directed to 
designate air quality control regions, to issue air 
quality criteria reflecting available scientific 
knowledge of the adverse effects of air pollutants 
on public health and welfare, and to prepare re- 
ports on control techniques for the types of air 
pollutants for which air quality criteria were 
issued. State governments were then expected to 
establish air quality standards for the air quality 
control regions and to adopt plans for imple- 
mentation of the standards. The air quality 
standards and implementation plans were to be 
subject to review and approval by the Secretary 
of HEW. 

Under the provisions of the 1967 Act, HEW’s 
National Air Pollution Control Administration 
(NAPCA) delineated a number of air quality 
control regions. NAPCA also issued criteria and 
control documents for sulfur oxides, parti- 
culates, carbon monoxide, hydrocarbons, oxi- 
dants, and nitrogen oxides. The States were 
then responsible for adopting air quality stand- 
ards and implementation plans. 

A governmental reorganization plan effective 
on December 2, 1970, established the Environ- 
mental Protection Agency (EPA), which brings 
together in a single organization the major Fed- 
eral pollution control programs previously exist- 
ing in four separate agencies, including 
NAPCA, and one interagency council. The prin- 
cipal roles and functions of EPA include: 

1. The establishment and enforcement of 
environmental protection standards con- 
sistent with national environmental 
goals. 

2. The conduct of research on the adverse 
effects of pollution and on methods and 
equipment for controlling it, the gather- 
ing of information on pollution, and the 
use of this information in strengthening 
environmental protection programs and 
recommending policy changes. 


3. Assisting others, through grants, techni- 
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cal assistance and other means in arrest- 
ing pollution of the environment. 


4. Assisting the Council on Environmental 
Quality in developing and recommend- 
ing to the President new policies for the 
protection of the environment. 


The Clean Air Act Amendments of 1970 (PL 
91-604, approved December 31, 1970, 84 Stat. 
1676) greatly strengthened Federal air pollution 
control authority. Within 30 days following the 
enactment, the Administrator of the Environ- 
mental Protection Agency (EPA) was directed to 
issue national primary and secondary ambient 
air quality standards. As defined in the Act, pri- 
mary ambient air quality standards are those re- 
quired to protect the public health. Secondary 
ambient air quality standards are those required 
to protect the public welfare from any known 
or anticipated adverse effects. Table 11.4 lists 
EPA’s standards for certain pollutants. 


Within nine months after promulgation of 
ambient air quality standards, the States are re- 
quired to submit implementation plans to the 
Administrator. An extension of up to 18 months 
may be granted for submitting implementation 
plans for secondary standards. The Administra- 
tor is to approve or disapprove a plan within 
four months after the date required for its sub- 
mission. Approved State plans for implementing 
primary standards must be carried out within 
three years, except that an extension of up to 
two years may be granted. Plans for implement- 
ing secondary standards must be carried out 
within a reasonable time. 


The 1970 Act requires the Administrator to 
issue a list of pollutants which in his judgment 
have an adverse effect on the public health and 


TABLE 11.4 
Ambient Air Quality Standards 


Limiting Concentrations in 
Micrograms per Cubic Meter 


SO, NO, Particulates 
Primary Standards 
24-hour ena iy. TA $69! 250 260 
Average annual......... 80 100 75 
Secondary Standards 
24-hour. s8viek Gey. get 260 250 150 
Average annual......... 60 100 60 


welfare. Within 12 months after a pollutant has 
been listed, the Administrator is to issue air 
quality criteria concerning that pollutant and 
information on control technology, including 
costs. 


The Act treats new stationary sources in a 
special way. Within 90 days after adoption of 
the Act, the Administrator is to publish a list of 
categories of stationary sources and within 120 
days following he is to propose regulations es- 
tablishing Federal standards of performance for 
new sources within each category. The Act de- 
fines standard of performance as a standard for 
emission of air pollutants which reflects the de- 
gree of emission limitation achievable through 
the application of the best available technology, 
giving consideration to economics, which the 
Administrator determines has been adequately 
demonstrated. Each State then develops and 
submits to the Administrator procedures for im- 
plementing and enforcing the standards. If the 
Administrator finds the State procedures ade- 
quate, he delegates to that State his authority 
under the Act to implement and enforce the 
standards. 

The 1970 Act also specifies that all Federal fa- 
cilities shall comply with Federal, State, inter- 
state, and local requirements respecting control 
and abatement of air pollution to the same ex- 
tent as persons subject to such requirements, un- 
less exempted by the President. 

Earlier, Executive Order 11507, issued in Feb- 
ruary 1970, required Federal facilities to 
conform to the air and water pollution stand- 
ards of the State or locality in which they are 
situated. It was the intent of this Order that the 
Federal Government in the design, operation, 
and maintenance of its facilities would provide 
leadership in the nationwide effort to protect 
and enhance the quality of -air and water re- 
sources. ‘Ihe Order superseded an earlier Order 
of May 1966, although some of the provisions of 
the earlier Order limiting emissions of sulfur 
oxides from Federal facilities located in the 
New York, Chicago, and Philadelphia air qual- 
ity control regions remain in force. These limits 
are shown in table 11.5. The 1966 Order framed 
emission limitations in terms of pounds per mil- 
lion Btu of heat input and, therefore, they per- 
mit sulfur oxide emissions to be controlled in 
any feasible manner, without necessarily limit- 
ing the sulfur content of the fuels. 
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TABLE 11.5 


Recommended Maximum Emission Rates of 
Sulfur Oxides 


[Federal Facilities] 


New York Interstate 
Air Quality Control Region 


0.35 pounds per million Btu 
(gross value) 


0.65 pounds per million Btu 
(gross value) 


Chicago Interstate 
Air Quality Control Region 


Philadelphia Interstate 
Air Quality Control Region 


0.65 pounds per million Btu 
(gross value) 


Source: 42 Code of Federal Regulations Part 476. 


State and local agencies have been promulgat- 
ing air pollution regulations that directly affect 
power plants. Limits have been set on both 
emissions and the sulfur content of fuels. In the 
Los Angeles, California, Air Pollution Control 
District, for example, a regulation promulgated 
in 1969 restricts building of new, or expansion 
of existing, fuel burning equipment whose oper- 
ation would cause discharges into the atmos- 
phere of more than 200 pounds per hour of sul- 
fur oxides, 140 pounds per hour of nitrogen 
oxides, or 10 pounds per hour of particulates. 
Los Angeles County has a regulation which lim- 
its the sulfur in solid or liquid fuels burned in 
the County to 0.5 percent and New York City is 
considering 0.3 percent. With the current level 
of technology, these limits make the use of coal 
or oil-fueled electric generating units tremen- 
dously expensive, if not impossible. 

Emergency plans to combat air pollution epi- 
sodes are being developed in some areas. Chi- 
cago, for example, has designed a plan which 
would require power plants to shift to low-sul- 
fur, low-ash fuels (of which each plant must 
have a firm 4-day supply), to shift loads to dif- 
ferent power plants within the city, or possibly 
to import power from outside the city, in case 
of critical pollutant concentrations. New Jersey 
has proposed emergency air pollution regula- 
tions that involve using cleaner fuels, soot blow- 
ing and boiler lancing during periods of the day 
when atmospheric turbulence can assist in dis- 
persion, and diverting power generation to 
facilities outside the affected area when emer- 
gencies develop. 

In California, the Monterey-Santa Cruz Uni- 
fied Air Pollution Control District passed nitro- 


gen oxide emission regulations that went into 
effect September 1, 1969. Flue gas concentrations 
of oxides of nitrogen emitted into the air may 
not exceed 500 parts per million. The limit 
could be reduced to 350 parts per million if 
conspicuous plumes are not eliminated. This is 
one of the first regulations for NO, from a sta- 
tionary combustion source. 


Air Pollution and Reliability of Electric 
Power Supply 


Fears of the potentially harmful effects of 
power plant emissions and uncertainties of ulti- 
mate air quality objectives and methods of 
achieving these objectives (including the setting 
of pollutant emission standards), coupled with 
other environmental control issues such as ther- 
mal pollution, esthetics, and land use, pose diffi- 
cult technological and managerial problems and 
sometimes lead to protracted delays in decisions 
on the siting or in the construction of electric 
power plants. 

A clean, salubrious environment and an ade- 
quate, economical and reliable power supply are 
both desirable. However, the technology to ac- 
complish both goals simultaneously has not 
been completely developed. Until it is, a series 
of balanced compromises may be necessary. As 
time progresses, greater research and develop- 
ment should bring forth solutions which, at a 
bearable cost, will make possible reliable elec- 
tric service without appreciable effect on the 
Nation’s environment. 


Emissions from Fossil-Fueled Power 
Plants 


Air pollutants from fossil-fueled power plants 
are the direct result of fuel combustion. Each 
fuel contributes pollutants in accordance with 
its chemical composition and the conditions 
under which it is burned. While the percentage 
of electric energy generated from fossil fuels is 
expected to diminish from about 82 percent in 
1970 to about 44 percent in 1990, the kilowatt- 
hours produced by fossil fuel power plants will 
increase steadily, as indicated by table 11.6. 
Thus, development of an effective emission con- 
trol technology is essential if the electric power 
industry’s expected\ contribution to improve- 


ment of national air quality is to be realized. 
a 3 ee NY 
1 Discussed in more detail in chapter 16. 
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TABLE 11.6 


Estimated Electric Utility Production of Electric Power by Primary Energy Source 


1970 
Fuel or 

Energy Source Million 

MWh ! 
Fossil jfiel 0% oops, sor nye co ee Oke 1,262 
Nuclears,. ie ocr cer ere eee 22 
Hydro. cei ses oceania aeotecet 257 
Total-ss« cAf ahs eoers peo 1,541 


1980 1990 
(%) Million (%) Million (%) 
MWh ! MWh 1 
81.8 1,922 61.8 2,628 44.3 
1.4 874 28.1 2,913 49.2 
16.8 317 10.1 381 6.5 
100.0 3,113 100.0 5,922 100.0 


1 Includes energy for pumped-storage pumping: 6, 38, and 94 million MWh, respectively, for 1970, 1980, and 1990. 


Emissions from Combustion of Coal 


Annual consumption of coal by electric utili- 
ties is expected to more than double in absolute 
quantity during the next two decades. The prin- 
cipal constituents in coal that contribute to air 
pollution are sulfur and ash. The sulfur occurs 
primarily in organic and pyritic forms and is 
transformed by the combustion reaction into 
sulfur dioxide (SO,) and _ sulfur  troxide 
(SO;). The ash is a complex of non-combusti- 
ble materials, which end up as slag, dry bottom 
ash, and fly ash. 

From 10 to 50 percent of the pyritic sulfur in 
coal, depending upon the type of coal, may be 
removed at the mine by a washing process. Util- 
ity coals are sometimes washed at the coal prep- 
aration plant, primarily to reduce their ash con- 
tent. An additional five to ten percent of the 
pyritic sulfur can be removed by more intensive 
preparatory methods and the installation of spe- 
cial equipment to handle finely ground coal at 
the power plant. 

The use of low-sulfur coal—coal containing 
less than one percent sulfur by weight—is the 
simplest method of reducing sulfur dioxide 
emissions at coal-burning power plants, but the 
supplies of low-sulfur coal are often either com- 
mitted to steel production and export, or sit- 
uated in deposits far removed from existing 
power plants. Such coals are generally high in 
price and are difficult to obtain in sufficient 
quantities to meet the needs of electric utilities. 
They frequently cannot be used in slag tap fur- 
naces because of the higher viscosity of their ash 
and its higher fluid temperature. Moreover, the 
use of this fuel tends to increase emissions of 
particulate matter because most electrostatic pre- 


cipitators are less efficient when there is less sul- 
fur dioxide in the flue gases. Finally, the heat 
content of low-sulfur coal may be lower than for 
other available types, so more of it must be 
burned per kilowatt hour. 

Consideration is being given to processes 
which would remove both sulfur and ash from 
coal prior to combustion, such as solvent refin- 
ing of coal and conversion of coal to a low-Btu 
gas at the plant site. The latter process differs 
from current investigations of converting coal to 
high-Btu pipeline quality gas, as discussed in 
chapters 4 and 21. 


Emission from Combustion of Fuel Oil 


Sulfur is also the principal air pollutant re- 
sulting from combustion of fuel oil in power 
plants. The non-combustibles in fuel oil are 
usually so low that the fly ash problem is lim- 
ited to emissions of acid smut. Because of the 
high cost of transporting fuel oil over land, use 
of fuel oil in power plants has been essentially 
restricted to sites accessible to tanker or barge 
transportation, or at sites adjacent to petroleum 
refineries. . 

Sulfur oxide emissions from combustion of 
fuel oil are expected to diminish in the future 
because the petroleum industry is responding to 
environmental needs by expanding its capacity 
to supply low-sulfur fuel oil, and is expected, on 
a world-wide basis, to supply large quantities of 
such fuel to meet most air quality regulations. 


Air Pollution from Combustion of 
Natural Gas 


Compared with coal and fuel oil, combustion 
of natural gas is not a significant source of air 
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pollution. Some raw natural gas contains sulfur 
in the form of hydrogen sulfide, but most of this 
is removed before marketing to protect pipelines 
and compressors from excessive corrosion. Thus, 
natural gas delivered to power plants is essen- 
tially sulfur free and not a significant source of 
sulfur dioxide pollution. Natural gas may con- 
tain small amounts of nitrogen which may enter 
into reactions in the boiler furnace to influence 
production of nitrogen oxides, but these oxides 
are essentially the products of the combustion 
and originate in the consitituents of the com- 
bustion air rather than the constituents of the 
fossil fuel, as discussed in the section on Nitro- 
gen Oxides. 

Coal can be converted to synthetic gas which 
can be burned without emission of sulfur ox- 
ides. The delivered cost of synthetic gas, how- 
ever, is relatively high in most areas of the 
country. Use of it as a source of primary energy 
for electric power generation prior to 1980 does 
not appear to be promising, but because of the 
long-range potential of synthetic gas, the subject 
is discussed more extensively in chapters 4 and 
2 We 

The problems of fossil fuel desulfurization 
and coal gasification are also discussed in the 
Federal Power Commission’s staff report on “Air 
Pollution and the Regulated Electric Power and 
Natural Gas Industry.” The Bureau of Mines 
and the Office of Coal Research are pursuing 
additional research into the area of coal conver- 
sion. 


Sulfur Oxides 


In most utility combustion processes approxi- 
mately 90 to 95 percent of the sulfur in fossil 
fuels is oxidized and enters the flue gas as sul- 
fur dioxide (SO,) and sulfur trioxide (SO,), 
with about 97 percent of the SO, being in the 
form of sulfur dioxide gas. The overall sulfur 
oxide content of flue gas is in the range of 0.2 
to 0.4 percent of the total gas volume for plants 
using two to three percent sulfur coal, making 
removal or recovery of sulfur dioxide gas from 
power plant exhaust systems difficult. Sulfur 
dioxide can be injurious to human and animal 
health and to vegetation. It can also have a de- 
leterious effect on painted surfaces, metals, 
building materials and fibers. 

The small quantities of sulfur trioxide (SO;) 
are emitted more in the form of an aerosol than 


as a gas. Sulfur trioxide is highly corrosive, one 
reason being that it readily combines with water 
to form sulfuric acid. Corrosion from SO, affects 
power plant air heater tubes and plates, and 
duct work, as well as the environment out- 
side the power plant. Sulfur trioxide is a highly 
objectionable constituent in a plume. 


Nitrogen Oxides 


Nitrogen oxides from power plants are pri- 
marily a function of the high furnace tem- 
perature and nitrogen content of the air in the 
combustion zone. Within the 2800° to 4000°F. 
temperature range, oxygen and nitrogen in the 
combustion air combine to form nitric oxide 
(NO). A small amount of NO oxidizes within 
the boiler to form nitrogen dioxide (NO.), 
but the major portion is emitted to the atmos- 
phere where further oxidation to NO, occurs. 
Once in the atmosphere, the nitrogen oxides 
under the influence of sunlight enter into com- 
plex chemical reactions to form photochemical 
smog and ozone, both highly irritating to the 
eyes and damaging to vegetation. In fogs, nitro- 
gen dioxide may combine with water to form 
nitric acid which can cause corrosive damage to 
plants and materials and irritate the lungs. 

The formation of nitrogen oxides in the com- 
bustion zone depends not only on flame temper- 
ature, but also on the excess air supplied to 
support combustion, the kind of fuel burned, 
the position of the burner flame relative to fur- 
nace walls, and the configuration of the furnace 
cavity. While a reduction of excess air tends to 
reduce nitrogen oxide formation, this stratagem 
introduces the probability of some incomplete 
combustion and increased formation of carbon 
monoxide which ordinarily is present in negligi- 
ble amounts. 

Since nitrogen oxide formation is primarily a 
function of the furnace temperature, pulverized 
coal combustion is the greatest producer of ni- 
trogen oxides among the fossil fuels. Residual oil 
is next and natural gas last. In general, nitrogen 
oxides are more difficult to control than sulfur 
oxides. Little has been done to devise means for 
nitrogen oxide reduction in comparison to the 
work done on sulfur oxide reduction. A re- 
search and development plan to establish con- 
trol technology has recently been completed by 
Esso Research and Engineering Company under 
contract to EPA. 
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Particulates 


Coal and, to a lesser extent, residual fuel oil 
contain incombustible materials that are con- 
verted to slag, dry bottom ash, or fly ash. Parti- 
culate matter emitted from coal combustion is a 
mixture consisting primarily of carbon, silica, 
alumina, calcium, and iron oxide. Particulate 
matter emitted from fuel oil combustion consists 
of ash, including sulfates, and, under poor com- 
bustion conditions, partially burned droplets of 
oil. ‘The two main variables affecting fly ash for- 
mation and emission are ash content of the fuel 
and the manner of firing. 

Coal used in power plants normally contains 
from 5 to 20 percent ash, averaging about 10 to 
11 percent for the Nation. Most fuel oils con- 
tain less than two-tenths of a percent of incom- 
bustible matter, while natural gas is essentially 
ash free. Particulate matter emissions from natu- 
ral gas combustion are caused primarily by dust 
particles in the gas. Smoke or soot due to in- 
complete combustion of any fuel may also be 
emitted, but these should be minuscule in prop- 
erly run, high-efficiency power plants. Combus- 
tion air carries some of the ash out of the fur- 
naces in the form of fly ash. 


Fly ash emissions from furnaces are affected in 
part by how the coal is fed into the furnace, the 
size of the coal burned, and whether the coal is 
burned in suspension or on a grate. In a dry 
bottom furnace, pulverized coal firing at temper- 
atures near the melting point of the ash pro- 
duces a large amount of fine fly ash (about 80 
percent of the original ash in the coal). In cy- 
clone furnaces, and in other wet bottom fur- 
naces, crushed or pulverized coal is burned at 
high temperatures which causes the ash to melt 
and flow to the bottom of the furnace where it 
may be tapped into a pool of water. This results 
in low amounts of fly ash (as low as 20 percent 
of the original ash in the coal). Intermediate 
amounts of fly ash are produced in stoker-fired 
furnaces. However, relatively few stoker-fired 
furnaces are used in power plants. Most fly ash 
can be collected in mechanical and electrostatic 
precipitators which today can achieve efficien- 
cies on the order of 99 percent. Currently avail- 
able fly ash collectors are relatively inefficient in 
removing the fine particulates (less than 1-2 
microns in diameter), and total emissions of 
fine particulates will continue to increase until 


improved control technology is made available 
through research and development. 


Other Pollutants from Fossil-Fueled Plants 


Other pollutants, such as aldehydes, polynu- 
clear hydrocarbons, carbon monoxide, and gas- 
eous hydrocarbons are a very small proportion of 
the total emissions from power plants due to the 
highly efficient combustion achieved. Hydro- 
chloric acid and trace metal emissions may arise 
when they are present in the coal. If attempts 
are made to reduce nitrogen oxides by reducing 
the amount of excess air, an increase in the 
amounts of carbon monoxide, particulates, and 
hydrocarbon compounds may result. Use of less 
excess air would also tend to increase the carbon 
content of the fly ash. 

Other problems that may arise under certain 
conditions involve the fog or spray produced by 
moisture from large evaporative cooling systems. 
The fog may reduce visibility in local areas and 
may cause icing problems in cold weather. The 
interaction of merging cooling tower plumes 
and stack plumes as shown in figure 11.1, may 
encourage development of photochemical smog. 
These problems have not been severe in the 
past, but they may be more common to the 
large capacity plants being planned for the fu- 
ture. 


Gaseous Emissions from Nuclear 
Power Plants 

Nuclear power plants do not emit significant 
quantities of air pollutants. While nuclear reac- 


Figure 11.1—TVA’s Paradise plant with the temperature 
4 degrees below zero. This view shows fog resulting 
from the stack and cooling tower plumes. 
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tors produce large quantities of radioactive ma- 
terials, virtually all of these are contained in the 
fuel assemblies or collected in solid waste prod- 
ucts and are not factors in air pollution. These 
solid waste materials are subject to several levels 
of control, collection, and treatment. 

Small quantities of low-level radioactive gases 
are collected from the nuclear heat generating 
process and are either released to the atmos- 
phere under carefully controlled conditions or 
are concentrated and stored. 


The release limits are based on radioisotope 
concentration guides established by interna- 
tional and national radiological authorities. 


The Atomic Energy Commission is responsi- 
ble for enforcement of the established release 
rates. Current evaluations of present and future 
radioactive emissions from nuclear power plants 
indicate that these controlled releases do not 
now, and are not likely in the future to produce 
any measurable effect on man or the environ- 
ment. 


A more complete description of nuclear 
power generation and related products of nu- 
clear fission, the concentration guides and stand- 
ards for radioisotopes, waste management and 
treatment, and public health programs is con- 
tained in chapter 6, Nuclear Power. 


Status of Emission Control Technology 
for Fossil-Fueled Plants 


A fully tested and acceptable control technol- 
ogy relating to the three significant air pollu- 
tants originating in power plant operations 
exists only for particulate matter, although re- 
moval of the submicron size fraction is a most 
difficult task. Control technology for gaseous 
pollutants is still in various stages of develop- 
ment. More than 40 different control processes 
have been suggested and many are being tested, 
either in the laboratory or in pilot demonstra- 
tions. One process is at the full scale demonstra- 
tion stage, and one has been declared fully de- 
veloped and ready for commercial application 
with a removal efficiency believed to be in the 
order of 60 percent. There is not yet available, 
however, a fully tested and commercially accept- 
able process for the control of gaseous pollu- 
tants compatible with actual power plant opera- 
tion. 


Control of Sulfur Oxides 


The principal thrust of current research and 
development in air pollution control processes 
for power plants is in the field of sulfur oxides 
control. EPA has sponsored and coordinated 
research programs related to fuel desulfurization 
and flue gas cleaning processes. Other govern- 
ment agencies such as TVA and the Bureau of 
Mines, private industry in general, and the elec- 
tric power industry in particular, are participat- 
ing in research and development of flue gas de- 
sulfurization techniques, some of which are 
described below. 


Absorption by Limestone or Dolomite 


Of the several processes that have been pro- 
posed to remove sulfur oxides from stack gases, 
injection of limestone or dolomite into the 
boiler furnace, or the use of such materials, cal- 
cined or uncalcined, in a wet scrubber operation 
may offer the least expensive method of control. 
Hypothetically, the limestone process can be 
adapted to any size installation. It can also be 
added to existing power plants if space for re- 
trofitting is available. This method does not 
yield a product of commercial value. 

The dry limestone process involves injecting 
pulverized limestone into the combustion cham- 
ber to react with SO,. This method may re- 
move about 30 percent of the SO, depending 
on the quality and quantity of limestone added 
and numerous operating variables. A limiting 
factor at existing plants is the capacity of exist- 
ing dust collection equipment to remove the 
added limestone from the stack gases. If SO, 
removal efficiencies of 50 to 60 percent are to be 
attained, it may more than double the dust 
loading of dust collectors. The method is consid- 
ered a dry process in that no scrubbing device is 
used to collect fly ash. 

The wet scrubbing limestone process has pos- 
sibilities of removing over 80 percent of the sul- 
fur oxides. It employs an aqueous lime or 
limestone slurry, made either by injecting lime- 
stone into the boiler and catching the resulting 
lime in the scrubber, or by introducing finely 
ground limestone directly into the scrubber. 
The wet process can remove particulate matter 
as well as sulfur oxides (figure 11.2). 

A wet limestone process was installed in 1968 
on the No. 2 unit (140 megawatts) at the Mer- 
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amec plant of the Union Electric Company near 
St. Louis, Missouri, and in 1969 on a 125-maga- 
watt unit at the Lawrence station, Lawrence, 
Kansas, of the Kansas Power and Light Com- 
pany. These wet systems were expected to re- 
moye at least 82 percent of the SO, and 99 
percent of limestone dust and fly ash. As a pro- 
totype developmental installation, the system ex- 
perienced a host of operational problems; how- 
ever the Kansas Power and Light Company is 
installing the same control system on a new 
430-megawatt unit, the largest in the State of 
Kansas, also at the Lawrence station. 

The wet scrubbing process has several advan- 
tages over the dry process, including higher 
efficiency for SO, removal, possibly less boiler 
operation interference, and generally lower op- 
erating costs for large power plants. Also, less 
limestone is required for effective SO, removal, 
thereby providing some economics for limestone 
purchases, material handling facilities, and solid 
waste disposal. The wet process has the disad- 
vantage of requiring reheat of the exhaust gases 
after scrubbing in order to achieve proper 
plume rise. The water pollution potential of the 
scrubbing solution is an additional disadvantage. 
On balance, the wet process appears to be better 
suited to large generating units, even though 
the dry process releases gas at higher tempera- 
tures, requires less capital investment, and is 
simpler to operate. 


Catalytic Oxidation 


In the catalytic oxidation process, depicted in 
figure 11.3, hot flue gases are first passed 
through a high-temperature, high-efficiency elec- 
trostatic precipitator to remove fly ash. The 
clean gas then passes through a catalytic bed of 
vanadium pentoxide where the SO, is oxidized 
to SO;. The flue gases are cooled sufficiently to 
condense and to collect a sulfuric acid mist. The 
by-product is a moderately concentrated sulfuric 
acid. One problem of this process is that a high 
flue gas temperature is necessary for the oxida- 
tion reaction. This requires expensive gas clean- 
ing and handling equipment capable of operat- 
ing at 800°F to 900°F. Furthermore, fly ash 
tends to foul the costly catalyst if the gas stream 
is insufficiently cleaned. High temperature pre- 
cipitation is expensive. Costly corrosion-resistant 
materials are needed through much of the ex- 
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haust system, especially in the absorber and de- 
mister portions. 

A pilot installation has been successfully 
operated at the Portland station of Metropoli- 
tan Edison Company. On the basis of experi- 
ence acquired in the small scale installation, de- 
signed to treat 6% of the stack gas from a 250 
megawatt unit, the first full scale commercial 
Cat-Ox installation is now being constructed to 
operate with the 100-megawatt Number 4 unit 
of the Wood River station of Illinois Power 
Company. This demonstration installation, 
scheduled for completion in mid-1972, is 
financed jointly by the Air Pollution Control 
Office of the Environmental Protection Agency 
and the Illinois Power Company. 

~The Kiyoura-Tokyo Institute of Technology 
Process (figure 11.4) is similar to the catalytic 
oxidation process. After the gases pass through 
the catalytic reactor, ammonia gas is injected. 
The result is formation of 99 percent pure am- 
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monium sulfate crystals that can be used for fer- 


tilizer. There is, however, a very limited market ' 


for ammonium sulfate in this country. Kiyoura 
has reported that the ammonium sulfate process 
can be adapted to manufacture ammonium 
phosphate fertilizer which would have higher 
unit value. 

A sulfur dioxide removal process in which gas 
cleaned in a precipitator is scrubbed in a solu- 
tion of potassium sulfite is under development. 
The scrubbed solution thermally 
stripped to evolve SO, gas from which either 
elemental sulfur or sulfuric acid can be pro- 
duced. The process has high sulfur removal 
efficiency, as has been demonstrated at Tampa 
Electric Company’s Gannon Station, but was 
tested with little success on a full scale at Bal- 
timore Gas & Electric Company’s Crane Station. 


can be 
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Alkaline Scrubbing 


An alkaline scrubbing process for fly ash 
and SO, removal from flue gasses is being de- 
veloped. Magnesium oxide slurry would be used 
directly in a venturi-type scrubber. The result- 
ing magnesium sulfite will be separated, dried, 
and heated to evolve a concentrated stream of 
SO, and to regenerate magnesium oxide for re- 
cycling. The SO, will be converted to sulfuric 
acid or reduced to elemental sulfur. A sketch of 
this process is shown on figure 11.5. Because of 
the high cost of absorbent regeneration, the idea 
of a central recovery plant which would receive 
sulfite salts from several power plants and other 
industrial sources and return the regenerated 
absorbents to these sources has been proposed. 
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Solid Absorbents 


Two processes for sulfur removal from stacks, 
based on solid absorbent methods, are the Rein- 
luft process and the Alkalized Alumina process. 
In each case, a solid absorbent is used to collect 
SO,. The Reinluft process regenerates acti- 
vated char to release SO, which is then uti- 
lized in the manufacture of high-grade sulfuric 
acid. The tendency of the char to ignite, in ad- 
dition to the complexity of operation, makes the 
Reinluft process unpromising for the present and 
it has been withdrawn from the market. An ad- 
vantage of the Alkalized Alumina process is that 
elemental sulfur could be manufactured from 
the hydrogen sulfide extracted during regenera- 
tion of the absorbent. Elemental sulfur is easier 
to store or ship than acid. There are, however, 
several drawbacks to the process. Alkalized alu- 
mina absorbent pellets tend to disintegrate 


upon repeated regeneration and the process, like 
other regenerative processes, is nearly as com- 
plex as the operation of the power plant. It also 
requires too much space for installation at exist- 
ing power plants having limited land availabil- 
ity. 

Other processes have been developed in 
Europe and Japan, but none is being considered 
seriously for application in this country. Some 
of these are ammoniacal scrubbing by Electricite 
de France and Showa Denko, carbon absorption 
by Hitachi and Lurgi, a manganese dioxide 
process by Mitsubishi, and the Grillo metal ox- 
ides process. 


Other Processes 


Some of the other sulfur oxide control proc- 
esses under investigation are: 

1. A combination of ammonia scrubbing 
and ammonium phosphate production; 

2. Scrubbing with molten salts at high tem- 
perature, the molten carbonate process; 

3. Use of phosphate rock as an absorbent 
after sulfur dioxide oxidation in an at- 
tempt to produce a fertilizer product di- 
rectly in the gas stream; 

4. Iron oxide (alpha form) as an absorb- 
ent; 

5. Hydrogen sulfide injection into the flue 
gas stream and catalytic reaction with 
sulfur dioxide in situ to form sulfur; 

6. Carbon monoxide injection into the flue 
gas stream, followed by catalytic reaction 
with sulfur dioxide to form sulfur; 

7. Absorption by sodium hydroxide solu- 
tion followed by regeneration by electro- 
lysis; 

8. Absorption by potassium polyphosphate; 

9. Oxidation by nitrogen oxides; 

10. Use of zinc oxide as absorbent; 

11. Absorption by manganese dioxide fol- 
lowed by dry regeneration; 

12. Absorption by barium carbonate slurry 
and reduction to sulfur; 

13. Use of metal oxide as absorbent fol- 
lowed by reduction in place; 

14. SO, absorption process using cooled ab- 
sorbent in a high mass transfer efficiency 
controlled vortex gas scrubber; 

15. Use of gaseous ammonia with regenera- — 
tion of the ammonia gas for reuse. The 
process would also remove some NO,; 
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16. Use of potassium formate which is re- 
generated after recovery of elemental 
sulfur. 

For more detailed information on some of these 
control processes, see the FPC staff report “Air 
Pollution and the Regulated Electric Power and 
Natural Gas Industries,” or Control Techniques 
for Sulfur Oxides as published by the Depart- 


ment of Health, Education, and Welfare, 
NAPCA, Publication AP-52. 

The process costs of the various methods for 
removing SO, from flue gases will not be known 
until experience is gained from large prototype 
full-scale utility installations. The cost data 
shown in table 11.7 are the most recent avail- 


able and are from a cost survey in progress at 


TABLE 11.7 


Estimated Costs of Sulfur Dioxide Removal Processes 


Process 


Dry limestone injection 


HO elOAUMACCOD ae ne a ee TE no ee ess 
TO ENOACH ACCOR MNT eRIN: Cis AAT Reet Fae EY 


Limestone injection-wet scrubbing (Combustion Engineering, 


APCO-TVA) } 


DO OAC tACLOLERE A EET. Seo acc cud ko re Syetacha aeons 
EDL Od OM ACCOLE Troe rie eee ere Cree teas 


Limestone add-on-wet scrubbing 


He loade factor a yee, eee heat late oclak wea ee 
MOC elOAGHACLOL AAS Prac. 5 Buck Pete icine cv ae yes 


MgO Scrubbing (Chemico) 


ye OACHLACLORE een RST Mace earache, eo ae ree 
7) VM OAGHACLON sateen ae Te tee Sah ee Tees 8 


Lime add-on-scrubbing (Bahco) 


Oe peload GulACtOLR DM vapten Dm seboaccsrs aehatakivors ere ameGuate. os 


Stone and Webster /Ionics 


Eo el OAC MACLOT MEE tert ren ciele oie cia Mins oie ie crisicre tates 
DO GHOAAMACCOL SHOE eo eT eee re Ser ce sos 


Wellman /Lord 


HOO nload sactOtaeevath tuskete ister, ya:s <hee a adele eee aie 


De elOACMACtOLE EN icicisier en acca ame ears 


Cat-Ox (Monsanto) 


SEA Sto vel Sevetrernh ey dey eee eu hes eS Gaaeosoee 
TOE AOAGMACCOL Meet en eee Te et ater ae eee ES oo 


Operating Cost Sulfur 
Capital (mills /K Wh) Removal 
Cost Efficiency 
($/KW) Without With (%) 
Credit Credit 

eee 11.6 0.82 N/A 50 

=o Ree 11.6 0.68 N/A 50 
Sees 20.5 1.42 N/A 90+ 
emis 18.6 1.08 N/A 90+ 

ARE A 20.0 1.41 N/A 85 

oe 18.5 10 N/A 85 
Seite 20.1 125 0.82 90+ 
eee NS 7 0.87 0.44 90+ 

Pay ate 13.8 Vez N/A 95 

dae 2570 1.39 1.06 95 

ee 19.5 0.96 952 95 

és gee 212.6 0.96 0.55 90 

213.5 1.05 0.79 85 

ila 212.6 0.80 0.39 90 

313.5 0.88 0.62 85 

ones 36 2.56 Deki, 85 

sea 32 1.44 1.03 90 


Source: Adapted from Survey of Processes and Costs for SOx Control on Steam-Electric Power Plants, Division of 
Process Control Engineering, Air Pollution Control Office, Environmental Protection Agency, February 1971. 


1 The Combustion-Engineering Process was designed for two specific locations and is not readily translatable to other 
situations. The APCO-TVA project embodies a different design philosophy and is intended to provide a broader-based 


capability. 
2 With acid recovery plant. 
3 With sulfur recovery plant. 
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GENERAL ASSUMPTIONS USED FOR COSTING 


1. Plant size: 1,000 megawatts 
2. Load factor (two cases): 55% for existing plants 
75% for new plants 
. Percentage sulfur in coal: 3.5% 
4, Fixed charges: 
7% depreciation 
3% taxes & insurance 
8% cost of money 


oO 


Total 18% (annual percentage of capital investment) 


the Air Pollution Control Office of the Environ- 
mental Protection Agency.? The costs shown are 
probably the lowest that can be obtained. ‘The 
assumed plant size for the table is 1,000 mega- 
watts. A 55 percent load factor is assumed for 
an existing plant to which the equipment would 
have to be retrofitted and a 75 percent load fac- 
tor is assumed for a new plant which would in- 
corporate the process in the original design. 


Control of Nitrogen Oxides 


There are several possible means of control- 
ling power plant emissions of nitrogen oxides. 
Control may be accomplished either by minimiz- 
ing formation of the oxides or by removing 
them from the flue gas. 

It is difficult to achieve complete control of 
NO, in power plants because of the interacting 
effects of other pollutants. ‘The conditions favor- 
able to high NO, production are a result of 
combustion practices to achieve better power 
plant operating efficiency and to control other 
air pollutants. Present combustion practices are 
designed to produce a clean, smoke-free, hot 
flame that is close to the maximum temperature 
attainable to get the most out of the fuel in 
terms of heat recovery and economy. Power 
plant boilers are designed to use high flame 
temperature and excess air to control air pollu- 
tants such as smoke, carbon monoxide, and un- 
burned fuel. These parameters will produce 
high levels of nitric oxide (NO) which represents 
90 to 95 percent of the NO, found in the flue 
gas. NO, comprises essentially all of the remain- 
ing five to ten percent of the NO,. 


2Survey of Processes and Costs for SO, Control on 
Steam-Electric Power Plants, Air Pollution Control Office, 
February 9, 1971. 


5. Variable charges: 
labor @ $5.00/hr. + 150% overhead 
maintenance @ 5% annually of capital 
electricity @ 6 mills/kilowatt-hour 
fuel gas or oil @ 45¢/108 Btu 
coal @ 35¢/108 Btu 
limestone @ *2.05/ton 
cooling water @ 10¢/1,000 gallons 
6. Credits for by-products: 
acid (100%) @ *10/ton 
sulfur @ *20/ton 
7. Heating value of coal: 11,800 Btu/Ib 
8. Power station efficiency: 34.1%, equivalent to 10‘ Btu/ 
kilowatt-hour 


Controls for NO, produced by coal-fired sys- 
tems have not been studied extensively on a 
commercial scale nor have the problems associ- 
ated with NO, production from coal firing been 
solved. Tall stacks for better dispersion of flue 
gases may help to reduce ground level concen- 
trations of NO, as well as other pollutants 
under favorable meteorological conditions. 

Large fossil-fueled power plants can use com- 
bustion modifications such as low excess air, 
two-stage combustion, flue gas recirculation, 
or steam or water injection, or combinations of 
these methods to reduce NO, emissions, but all 
of these methods reduce burner efficiency. Addi- 
tionally, all fossil fuel-fired power plants utiliz- 
ing SO, wet scrubbing processes may reduce the 
nitrogen oxide emissions. Pilot studies have in- 
dicated that the wet limestone process, other liq- 
uid alkali techniques, and gaseous ammonia ad- 
ditions remove some of the NO, present. This is 
apparently due to the NO, and NO acting to- 
gether in equal amounts to combine with the 
additive material. Alkaline scrubbing appears to 
have the most promise, but to date no process 
has been developed for the specific purpose of 
removing NO, from flue gases. 

Control techniques based on burner design or 
firing methods work to produce a lower overall 
furnace temperature. Tangentially fired or cor- 
ner fired furnaces produce a relatively long lu- 
minous flame. Overall furnace temperatures are 
lower. This firing method generally produces 
lower NO, emissions than horizontally fired 
boilers. 

The two-stage combustion technique operates 
on the principle that less NO, is produced in — 
the high temperature flame region (first stage) 
because of an oxygen shortage. In two-stage 
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combustion, 90 to 95 percent of the theoretical 
(stoichiometric) amount of combustion air is 
injected at the burner; 15 to 20 percent of the 
stoichiometric amount of combustion air is in- 
jected a few feet downstream from the burner 
(second stage). This method may reduce forma- 
tion of nitrogen oxides 40 to 50 percent. 

Lowering overall excess air may sometimes 
cause a reduction in NO, concentrations. Be- 
cause of lower oxygen concentrations, less nitro- 
gen oxides are formed, but a decrease in excess 
air also increases peak combustion temperatures 
which cause a higher rate of NO, formation. 
The method of firing and the furnace design ap- 
pear to affect the rate of NO, formation as a 
function of excess air. 

Flue gas recirculation or injection of steam re- 
duces emissions of NO, by cooling furnace and 
flue gas temperatures. Use of silica gels as a 
means of converting NO to NO, with absorp- 
tion of NO, by the silica gel has a low collection 
efficiency and high expense for power plant op- 
eration. Problems with either fly ash fouling of 
catalysts, or gels, or low reactivity at the prevail- 
ing low flue gas temperatures have not been 
solved. 

At the present time, modifications in combus- 
tion techniques and furnace design appear to be 
the most effective means for reduction of nitro- 
gen oxides emanating from power plant opera- 
tions. 


Control of Particulates 


Advances in automatic combustion controls 
have helped eliminate smoke nuisance from 
power plants, and the development of a variety 
of dust collectors has made it possible to control 
the fly ash problems. 

There are two general types of fly ash collect- 
ing equipment usually used in power plants: 
mechanical separators and electrostatic precipi- 
tators. Bag filters and wet scrubbers may also be 
used to remove particles and are in operation in 
some industrial establishments and a few power 
plants. Bag filters are not normally used in 
power plants because of high initial and operat- 
ing costs. Wet scrubbers have high operating 
costs and require reheating of gases to provide 
buoyancy for good dispersion of stack effluents. 
Both bag filters and scrubbers need additional 
research and development to improve their pros- 
pects for solving the fine particulate problem. 


Some power plants make use of cyclonic sepa- 
rators utilizing centrifugal force to remove me- 
chanically the coarser-sized particles. Depending 
on the type of furnace, efficiencies of up to 80 
percent are obtainable with cyclone separators 
but these efficiencies are rarely achieved in 
power plant installations. Units with cyclone 
separators must use supplementary stack collec- 
tion equipment to attain levels of particulate 
control efficiency that are acceptable. 

Electrostatic precipitators are the most widely 
used control devices for removal of particulates. 
Electrostatic precipitators with efficiencies in ex- 
cess of 99 percent are being designed and hope- 
fully such efficiencies can be maintained at least 
under optimum operating conditions. Once in- 
stalled, however, most electrostatic precipitators 
perform at less than design efficiency but are, 
nevertheless, effective in meeting most existing 
air quality regulations. Reduction of sulfur 
oxide concentration in the boiler flue gases 
tends to reduce the collection efficiency of elec- 
trostatic precipitators because the absence of sul- 
fur compounds increases the resistivity of fly ash 
particles. This causes concern when a power 
plant shifts to a low sulfur coal, unless coal ash 
levels are reduced simultaneously. Otherwise re- 
duction in sulfur oxide emissions might be 
offset by an increase in particulates. 

The costs of precipitators increase rapidly at 
the higher collection efficiencies. On a 500-800 
megawatt plant, a precipitator of 95 percent ef- 
ficiency may cost between $800 and $1,200 per 
megawatt; one of 99 percent efficiency may cost 
in excess of $2,500 per megawatt. The total in- 
stalled cost may range up to 10 times this 
amount when precipitators are added to existing 
units. 


The removal of fly ash from the flue gas cre- 
ates the problem of fly ash disposal. As more ef- 
ficient collection devices are developed and 
used, and as more coal-fired power plants are 
built, the total volume of ash for disposal will 
increase considerably. At the present time, there 
is a small market for ash. In 1968, approxi- 
mately 24.6 million tons were produced, of 
which 5.2 million tons, or 21 percent, were uti- 
lized. ‘The ash industry has been growing, espe- 
cially since the formation of the National Ash 
Association, which is making attempts to de- 
velop new applications and increase ash sales to 
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Figure 11.6—These two photographs show the effect of 
the electrostatic precipitators at Northern States Power 
Company’s Allen King plant in Minneapolis, Minnesota. 
The precipitators were shut off momentarily for the 
picture showing the dark plume. 


Figure 11.7—The effectiveness of emission control equip- 
ment is demonstrated in this photograph of Duke 
Power Company’s Lee Steam-Electric Station. New 
electrostatic precipitators were recently installed on the 
units at left, while the units at right are equipped 
with older precipitators. 


help reduce the problem and expense of ash dis- 
posal. 


Dispersion by Tall Stacks 


Tall stacks, here defined as stacks over 500 
feet high, do not reduce overall emissions, but 
help disperse the effluent over a wider area. Sur- 
face-based atmospheric inversions, which restrict 
plume rise and pollutant dispersion, frequently 
extend from ground level up to 1,000 feet. Tall 
stacks, aided by thermal buoyancy, usually carry 
effluents above such inversion layers, so that 
they do not add to the pollution levels below 
the inversion. Peak ground level concentrations 
from tall stacks are usually noticeably lower 
than concentrations from short stacks. 

Subsidence inversions act as lids to the up- 
ward dispersion of pollutants and may persist 
for extended periods. These inversions generally 
have their base or lid as low as 1,500 to 2,000 
feet in the Los Angeles area and several thou- 
sand feet elsewhere. Effluents from tall stacks 
often cannot penetrate subsidence inversion lids 
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Figure 11.8—These two, 800-foot high stacks, will serve 
four units at Detroit Edison Company’s Monroe power 
plant. When all four units are operating in 1973, the 
total generating capacity will be 3,200 megawatts. 


Figure 11.9—Detroit Edison Company’s Trenton Channel 
power plant has 563-foot high stacks for its newer 
units built in the 1960’s. Note the difference in these 
and the much lower stacks of units built in the 1920's. 


and, consequently, may be trapped and brought 
to earth, increasing ground level pollution con- 
centrations. 

An additional aspect of tall stacks is their es- 


thetic impact on the surroundings. The trend to 
larger power plants makes construction of tall 
stacks more feasible, but it also causes an in- 
crease in total emissions. More research is 
needed and is being carried out to determine 
the extent to which tall stacks improve local air 
quality under various meteorological and topo- 
graphical conditions. TVA has conducted exten- 
sive studies in the Tennessee Valley region on 
dispersion of power plant emissions from tall 
stacks. The Air Pollution Control Office of EPA 
is currently studying the effects of tall stacks at 
electric power plants in Pennsylvania. 


The British have tried a technique of cluster- 
ing stacks (figure 11.10) into one tower to take 
advantage of the increased plume rise and inver- 
sion penetrating capability that results from 
massing the gas flow and reducing the cooling 
rate. This method increases the effective height 
of the stack and can reduce the unit costs of 
construction. A similar technique has been used 
extensively in Japan. 

In designing power plant stacks and emission 
control equipment mathematical model studies 
can help achieve permissible pollution levels 
with the least overall costs. Parameters related 
to fuel, furnace type, combustion process, stack 
height and exit diameter, stack gas temperature, 
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air pollution control devices, local meteorology 
and topography, coupled with mathematical for- 
mulas of plume rise and diffusion, can be used 
to approximate ground level concentrations. By 
varying stack heights and emission control meth- 
ods the most economical way to obtain required 
control can be determined. 

Tall stacks may cost from $1,000 to $3,000 per 
foot of height depending on foundation condi- 
tions, materials costs, and remoteness of plant 
site. Compared to low stacks they provide an ex- 


tremely valuable means for reducing average an- 
nual ground level concentrations of stack ef- 
fluents. However, it does not appear that they 
can provide the degree of control required in all 
places under a wide variety of meteorological 
conditions to assure consistent achievement of 
SO, standards now evolving in local, state, and 
regional air quality control programs. ‘There- 
fore, power plants designed with tall stacks may 
be required to install additional pollution con- 
trol equipment. 
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CHAPTER 12 


ESTHETICS AND LAND USE OF POWER FACILITIES 


Introduction 

Rapid expansion of industrialization and _ ur- 
banization in the United States has been 
achieved, in most cases, with insufficient regard 
for preservation of natural beauty and protec- 
tion of the environment. Primary emphasis has 
been placed on rapid and low-cost production. 
During the past few years, however, numerous 
private and public groups and individuals at 
the Federal, State, and local levels have ex- 
pressed a real concern about the quality of the 
Nation’s natural resources and the appearance 
of the cities and countryside. 

The White House Conference on Natural 
Beauty in 1965 served to focus national atten- 
tion on the environment, and, subsequently, 
many important actions have been taken to es- 
tablish and strengthen procedures and criteria 
for handling environmental problems. An im- 
portant development from the White House 
Conference was the establishment by the Presi- 
dent, in May 1966, of the President’s Council on 
Recreation and Natural Beauty and the Citi- 
zen’s Advisory Committee on Recreation and 
Natural Beauty. That Committee, assisted by an 
Electric Utility Industry Task Force on Environ- 
ment, issued a report with far-reaching recom- 
mendations. ‘The Task Force consisted of several 
officials of investor-owned utilities, management 
representatives of publicly owned utilities, a tele- 
phone company representative, and members of 
State regulatory commissions. 

In 1968 the President’s Council on Recreation 
and Natural Beauty published a report entitled 
“From Sea to Shining Sea,” and the ‘Task Force 
of the Citizen’s Advisory Committee prepared a 
report on “The Electric Utility Industry and 
the Environment.’”’ Late in the same year, the 
Council’s Working Committee on Utilities re- 
ported to the Vice President and to the Presi- 


dent’s Council on Recreation and Natural 
Beauty on actions needed to minimize the im- 
pact of necessary utility facilities on the quality 
of the Nation’s environment. The Working 
Committee’s report included guidelines for the 
protection of natural, historic, scenic, and recre- 
ational values in the design and location of 
rights-of-way and transmission facilities. 

Executive Order No. 114721, dated May 29, 
1969, replaced the Council on Recreation and 
Natural Beauty with a new cabinet-level Envi- 
ronmental Quality Council. The National Envi- 
ronmental Policy Act of 1969? included provi- 
sions for establishing a three-man Council on 
Environmental Quality within the Executive 
Office of the President. 


In another Executive Order, dated March 5, 
1970 °, the President set out the general duties 
of Federal agencies and the specific responsibil- 
ities of the Council on Environmental Quality, 
changed the name of the Environmental Quality 
Council to the Cabinet Committee on the Envi- 
ronment, and designated the Chairman of the 
Council on Environmental Quality to assist the 
President in directing the work of the Cabinet 
Committee. 


The Energy Policy Staff of the Office of Sci- 
ence and Technology, in cooperation with con- 
cerned Federal agencies, has prepared two re- 
ports dealing with the problems of siting 
electric utility facilities, including those of es- 
thetics and land use. The report on Considera- 
tions Affecting Steam Power Plant Site Selection 
was issued in late 1968. The Energy Policy Staff, 
in its report on Electric Power and the Environ- 
ment issued in 1970, recommended new Federal 
legislation relating to State and Federal respon- 


134 FR 8693. 

2PL 91-190, approved January 1, 1970, 42 U.S.C.A. 
§ 4321 et seq. (1971 supp.). 

3 EO No. 11514, 46 FR 4247. 
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sibilities for preconstruction review and ap- 
proval of bulk power facilities. 

In 1970, the Environmental Protection 
Agency (EPA) was established as a new inde- 
pendent Federal agency which has been assigned 
broad responsibilities relating to all aspects of 
man’s environment, as discussed in chapter 11. 

Actions have recently been taken at. other lev- 
els of Government and by industry to lessen the 
impact of power facilities on the environment. 
Several states have enacted or are considering 
legislation dealing with esthetics, and some 
states and local bodies have taken action relat- 
ing specifically to the esthetics of utility facili- 
ties, as discussed later in this chapter. 

The electric utility industry has made studies 
and is carrying on considerable research in the 
field of esthetics. In the fall of 1969, an indus- 
try-wide Electric Power Council on Environ- 
ment was established, and one of its committees 
deals with esthetic problems. Most electric util- 
ity companies have, during the past few years, 
made significant strides in improving the ap- 
pearance of facilities and in developing property 
for multiple uses. 

By Order No. 414, which became effective 
January 1, 1971, the Federal Power Commission 
adopted new regulations implementing proce- 
dures for the protection and enhancement of es- 
thetic and related values in the design, location, 
construction, and operation of licensed hydro- 
electric project works. At the same time, the 
Commission issued a set of guidelines for the 
protection of natural, historic, scenic, and recre- 
ational values in the design and location of 
rights-of-way and transmission facilities. The 
new regulations require applications for hydro- 
electric licenses to include an exhibit describing 
the architectural design, landscaping, and other 
reasonable treatment to be given project works, 
including compliance with the guidelines which 
accompanied the order. The applicant is to pre- 
pare this exhibit on the basis of studies made 
after consultation with, or consideration of com- 
ments submitted by, Federal, State, and local 
agencies or organizations and individuals having 
an interest in the natural, historic, and scenic 
values of the project area. 

Achievement of esthetic objectives in. the de- 
sign and construction of electric power facilities 
cannot be accomplished by any single revolu- 
tionary breakthrough because the technical and 


economic problems are simply too big and com- 
plex. For some facilities such as distribution 
lines in new residential areas, progress toward 
esthetic objectives has been quite rapid, primar- 
ily because of more extensive use of under- 
grounding. For other facilities, such as high vol- 
tage transmission lines, esthetic improvements 
through undergrounding will be more difficult 
because of high costs and unsolved technical 
problems. Other alternatives, however, such as 
improved design, location, and land use prac- 
tices, are effective to some degree in minimizing 
adverse effects. Additional research could aid 
materially in achieving esthetic objectives. 

The national objective of improving the qual- 
ity of the environment for the benefit of present 
and future generations and the concurrent rapid 
growth in demand for electrical energy make it 
apparent that improving the appearance of 
power facilities and preserving scenic and re- 
lated values have become increasingly significant 
in electric utility programs. An important factor 
in reaching decisions on esthetic improvement is 
the relationship between the cost of improve- 
ments and the economics of power production, 
transmission, and distribution. ‘The general pub- 
lic needs to be made aware of the opportunities, 
problems, and costs involved, and its representa- 
tives should be given the opportunity and the 
responsibility for helping to obtain a balance 
between environmental impact and cost of 
power. For example, state and regional land use 
plans, supported by adequate authority for their 
implementation, can help utilities identify ac- 
ceptable sites for power facilities. 

‘The various components of electric utility sys- 
tems—distribution, transmission, and generation 
—present different visual problems and widely 
differing opportunities for esthetic improve- 
ments. Some solutions are easy and economical 
and some will be difficult at any cost. Each com- 
ponent is, therefore, discussed separately. 


Distribution Facilities 

Distribution facilities are widely dispersed 
and, therefore, constitute an extensive source of 
concern. However, of all electric facilities they 
are the most amenable to esthetic improvement. 


Overhead Distribution Lines 


Many unsightly overhead distribution lines 
with multiple crossarms, numerous wires, and 
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conspicuous appurtenances are visible through- 
out the Nation and a few cities condone con- 
struction and operation of dual electric systems 
by competing utilities, thus compounding the 
clutter in streets and alleys. ‘The primary design 
criteria for older existing lines was reliable per- 
formance at minimum cost. Appearance was 
usually a secondary consideration. In response 
to increasing interest in the environment, utili- 
ties and manufacturers have developed many 
new designs, materials, and concepts to improve 
the appearance of overhead facilities. 


A basic approach has been to reduce or elimi- 
nate clutter. ‘This includes minimizing the num- 
ber of conductors on each pole, eliminating 
crossarms as shown in figure 12.1, utilizing low 
profile transformers, and using appurtenances of 
improved design. In some areas, concrete, steel, 
or specially formed wood poles in various shapes 
are being used in lieu of conventional wood 
poles. A typical example is shown in figure 12.2. 
Fiber glass components in attractive shapes have 
become available for use in lieu of some of the 
hardware and supports formerly used. 


In addition to simplicity of design, color of 
components has received attention. Where ap- 
propriate, insulators, transformers, poles, and 
other equipment used in new construction have 
colors that blend well with the surroundings. 


Careful route selection for distribution lines 
may permit greater use of natural screening and 
help to soften or avoid the harsh silhouette. In 
some locations, construction of lines along the 
rear of property boundaries is a practical way of 


Figure 12.1—Clutter associated with distribution lines can 
be reduced significantly by eliminating the crossarms. 


Figure 12.2—Specially designed poles for street and high- 
way lighting help maintain the natural appearance 
often associated with secondary roads. 


obtaining screening. Considerable improvement 
in appearance is being obtained in some high 
density residential areas by burying the service- 
conductors that run from the street to the 
house, particularly where the houses are closely 
spaced and where service conductors cross the 
street. 


Underground Distribution Lines 


Underground construction is the solution 
usually proposed by objectors to the appearance 
of overhead distribution lines. Generally, such 
construction is technically feasible since the rela- 
tively low voltage insulation problems are not 
critical and cable charging currents are not ex- 
cessive. Underground installations greatly im- 
prove the appearance of an area, as shown in 
figure 12.3. 


In recent years, lower cost underground distri- 
bution installations using directly buried cable, 
often placed in a common trench with tele- 
phone cables, have been developed and the use 
of such installations is expanding rapidly, par- 
ticularly in new residential subdivisions, apart- 
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Figure 12.3—Undergrounding of distribution facilities in 
Seattle City Light’s system improves a scenic view. 


ment developments, and shopping centers. Also, 
subterranean transformers in the 15-kilovolt 
class, or low profile pad-mounted transformers, 
screened to conform to the landscape, are being 
used in new residential areas. The large pad- 
mounted units required for apartments and 
commercial installations can be located, painted, 
and architecturally treated so that they appear 
as a part of the planned development, as shown 
in figure 12.4. 


The only visual evidence of transformers in- 
stalled in underground enclosures is a grating 
required for ventilation and access to the trans- 
former. Designs now being perfected will pro- 
vide system components that can be buried 
without the necessity for gratings. However, op- 
eration and maintenance problems, including 
corrosion control, make the use of subsurface 
transformers costly. 


One obvious advantage of undergrounding is 
the virtual elimination of wind, ice, snow, and 
sleet storm damage, which can be devastating to 
overhead systems. Flood damages, on the other 
hand, are more severe for underground systems. 
Another advantage is the elimination of surface 


facilities, other than those required for street 
lighting, thus reducing the frequency of vehicu- 
lar accidents, minimizing acts of vandalism, and 
eliminating the hazard of electrical shock from 
live wires which fall as a result of accidents or 
storms. It should be noted, however, that mod- 
ern overhead construction involves the use of 
high-strength materials and insulated secondary 
conductors, thus minimizing storm damage and 
shock hazards. 


Studies indicate that operation and mainte- 
nance expenses of underground distribution sys- 
tems are higher than for equivalent overhead 
systems. Duct systems and manholes are a neces- 
sity for city street installations, and changes in 
the systems to accommodate load growth or 
other new conditions are expensive. 


The Electric Utility Industry Task Force on 
Environment, reporting to the Citizen’s Advisory 
Committee on Recreation and Natural Beauty, 
set a target date of 1975 for underground con- 
struction of electric distribution lines in all new 
residential areas, whereas the Council’s Working 
Committee on Utilities recommended that the 
target date be set at January 1, 1973. Significant 
cost differentials and some types of ground con- 
ditions in some areas make it apparent that 
these goals for undergrounding distribution 
lines in new residential areas will not be easily 
achieved. It is estimated that only about 25 per- 
cent of new distribution lines constructed in 
1969 were placed underground, although some 


Figure 12.4—The recent practice of installing transformers 
on or below the ground is more conducive to natural 
screenings. The three phase 150-kKVA pad-mounted 
transformer shown here behind the shrubbery serves 
the Museum of Fine Arts in St. Petersburg. 
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utilities reported that nearly 90 percent of new 
facilities were undergrounded during that year. 

The Maryland Public Service Commission re- 
quires that all electric distribution lines for 
new residential buildings within a subdivision 
that has five or more building lots be under- 
grounded, and has prescribed the basis for cost 
sharing between the utility and the developer or 
owner. That Commission also requires that un- 
dergrounding be used for new distribution lines 
to commercial and industrial establishments, ex- 
cept for areas totally lacking in esthetic appeal. 
Many other states have expressed an interest in 
the Maryland actions, and similar requirements 
by other commissions are expected. For exam- 
ple, California’s Public Utilities Commission has 
recently enacted comprehensive requirements on 
this subject, and the Illinois Commerce Commis- 
sion has directed an Illinois utility to furnish 
underground service in new residential subdivi- 
sions without additional charge. 


Conversion of Existing Overhead 
Distribution to Underground 


Conversion of existing overhead distribution 
to underground is generally very costly. Condi- 
tions in developed areas are much less favorable 
for efficient underground construction. Elimina- 
tion of existing overhead lines involves substan- 
tial costs in addition to those involved in 
undergrounding new distribution lines. Such 
added costs include undergrounding of tele- 
phone and municipal signal circuits usually 
hung on power line poles; providing poles and 
circuits for street lights; removal and replace- 
ment of street paving, sidewalks, and special 
landscape items; and rewiring the customers’ 
service facilities. Furthermore, the undepreciated 
value of the overhead lines is lost. For these rea- 
sons, widespread conversion of existing overhead 
distribution is not anticipated within a forsee- 
able timetable although such action would be 
esthetically desirable. The cost of converting 
overhead lines to underground is discussed in 
more detail in chapter 14. 


Distribution Substations 


To fulfill the ever-increasing electric energy 
requirements of the future, many additional dis- 
tribution substations will be required. Consider- 
able attention is being given to the location, de- 


sign, and appearance of these installations to 
strive for environmental compatibility. The 
techniques being used include: 


(1) Proper site selection based on interdis- 
ciplinary analysis of the area. 

(2) Simplified designs that minimize com- 
ponents and the silhouette. 

(3) Reduction in height of structures and 
equipment. 

(4) Use of equipment colors that harmo- 
nize with the surrounding environ- 
ment. 

(5) Use of colors to create esthetic effects. 

(6) Artful landscaping (figure 12.5) and 
lighting. 

(7) Interesting architectural treatment with 
panels, walls, or enclosures (figure 12.6). 

(8) Use of underground runs for primary 
feeders to reduce overhead congestion 
in the immediate vicinity. 

(9) Site setbacks and appropriate station 
arrangement and orientation to mini- 
mize visual impact. 

(10) Development of landscaped, public rest 
spots in set-back areas. 


In many instances, improvements in the ap- 
pearance of both new and existing substations 
can be obtained at nominal cost. The use of ex- 
tensive architectural treatment, such as complete 
enclosures, may or may not increase costs of new 
substations, depending on the siting conditions. 

Considerable progress has been made in re- 
ducing transformer noise with the result that it 
is much quieter in the vicinity of new substa- 
tions than at those installed several years ago. 


Transmission Facilities 


Transmission lines are the highways for trans- 
porting large blocks of electrical energy. They 
are the higher voltage lines interconnecting sub- 
stations, generating stations, and adjacent elec- 
tric utility systems. In the United States, voltage 
levels of transmission lines are 69,000 volts and 
higher except for a few lines that are operated 
in the range of 60,000 volts. A very high per- 
centage of the transmission system consists of 
overhead lines. Underground construction costs 
of high voltage lines using currently available 
technology are many times those of overhead 
lines, and the extension of the present technol- 
ogy to extensive distances is not practicable. 
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Therefore, for the foreseeable future, under- 
grounding cannot now be considered economi- 
cally feasible for general use, and most of the 
transmission system will continue to be over- 
head lines. Undergrounding will be limited 
principally to metropolitan areas and_particu- 
larly scenic locations. A more detailed discussion 
of transmission patterns and costs is included in 
chapter 13. 

Improvements in the appearance of overhead 
transmission facilities can be attained by proper 
route selection, strategic placement of towers, ju- 
dicious right-of-way clearing, landscaping of 
rights-of-way, selection of more pleasing tower 


Figure 12.5—Plantings screen a distribution substation in 
Consolidated Edison Company’s system. 
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Figure 12.6—Pacific Gas and Electric Company’s alpine substation achieves environmental compatibility. 
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designs, use of compatible colors, and improved 
design of substations. 


Overhead Transmission Lines 


Since overhead construction is expected to 
continue to be used for most new transmission 
lines, it is necessary to determine how best to 
build the needed facilities and at the same time 
protect environmental values. 

The guidelines prepared by the Working 
Committee on Utilities, those accompanying 
FPC Order No. 414, and the 1970 Report of the 
Departments of the Interior and Agriculture on 
Environmental Criteria for Transmission Sys- 
tems include specific suggestions and sketches re- 
lating generally to the following: 


(1) The selection and clearing of rights-of- 
way routes. 

(2) ‘The location of transmission structures 
and overhead lines. 

(3) The design of transmission structures. 

(4) ‘The maintenance of transmission line 
rights-of-way. 

(5) Possible secondary uses of rights-of-way. 

(6) The location of appurtenant above- 
ground facilities. 


Major factors in the esthetic treatment of 
overhead transmission lines are the selection, 
treatment, and maintenance of rights-of-way. 
General criteria for selection and effective use of 
rights-of-way, as set forth in the above docu- 
ments, include the following: 


(1) Scenic, recreational, and historic areas 
should be avoided where possible. If 
such avoidance is not possible, the 
rights-of-way should be located in corri- 
dors least visible from areas of public 
view. 

(2) Heavily timbered areas, steep slopes, 
and proximity to main highways 
should be avoided where possible. 

(3) Long views of transmission lines per- 
pendicular to highways, down canyons 
and valleys, or up ridges and hills are 
particularly undesirable. The lines 
should approach and cross these areas 

_ diagnonally. 

(4) Rights-of-way clearing should be lim- 
ited to that absolutely essential, and 
the boundaries of cleared areas should 
be curved or undulating and trimmed 


Figure 12.7—Location and landscaping were important 
factors in the design of this 230-kV transmission facility 
of Georgia Power Company near Atlanta. 


to comport with the topography of the 
terrain. 

(5) Small trees and plants should be used 
to feather the rights-of-way edges from 
grass to larger trees. 

(6) Transmission facilities should be lo- 
cated with a background of topography 
and natural cover where possible. 

(7) Vegetation and terrain should be used 
to screen facilities from highways and 
other areas of public view. 

(8) Where access roads are required they 
should be curved or run diagonally 
across the right-of-way to minimize 
their visual impact. 

Existing rights-of-way should be used, if feasi- 
ble, for additional transmission facilities, and 
joint use by different kinds of facilities should 
be considered. The networks of railroad rights- 
of-way may provide opportunity for power 
transmission, either with or without railroad 
electrification, if technological problems such as 
inductive interference with railroad signal and 
communication circuits can be solved. 
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In some cases, transmission corridors may be 
feasible, although the use of such corridors 
tends to increase the consequences of an acci- 
dent affecting the corridor, and thus decrease re- 
liability. Nevertheless, the decreasing availabil- 
ity of land under the pressure of an expanding 
population requires increased attention to mul- 
tiple use of rights-of-way in future planning and 
land acquisition programs. Although there are 
problems associated with such joint use, they are 
not insurmountable, particularly if given early 
attention. In planning joint use corridors, envi- 
ronmental values must be given full and careful 
consideration, since increasing the amount of 
land in a single corridor may result in severe 
concealment problems. 

In many cases, transmission line rights-of-way 
can be used for unrelated secondary purposes. 
Possible uses include: cultivation of Christmas 
trees and other nursery stock; gardening, gen- 
eral agriculture, and pasture; planting for wild- 
life food and cover; and various recreational 
purposes such as hiking trails, bicycle paths, 
snowmobile routes, and picnic areas. These uses, 
under proper conditions, have both economic 
and environmental advantages, and the fact that 
they are permitted may create a goodwill benefit 
for the utility. 

In addition to rights-of-way considerations, an 
important factor in improving the appearance 
of overhead transmission facilities is the design 
of transmission structures. Pertinent factors in 
selecting the appropriate design are the environ- 
ment of the area and the degree of visual expo- 
sure involved. Conventional towers are tapered 
lattice structures, designed to support one or 
more circuits of bare copper or aluminum con- 
ductors attached to porcelain insulators. .The 
tower structures, usually of steel construction, 
have high strength and stability, thus permitting 
the greatest possible distance between towers. 
Another lattice type structure is the guyed-V or 
guyed-Y, which has the main body of the struc- 
ture supported at a single point with the tops 
held in place by guy wires. 

Wood poles have also been used extensively 
for transmission structures because wood is fre- 
quently more economical than metal. The pre- 
dominant types of wood structures are H-frames 
and single poles. The limited strength of wood 
makes it necessary to use relatively short spans 
in comparison with steel structures. However, 


shorter spans often permit a narrower right-of- 
way because reduced wire sag results in less 
swing caused by strong winds. 

In a 1967 study entitled “Electric Transmis- 
sion Structures,” sponsored by the Electric Re- 
search Council and the Edison Electric Institute, 
the industrial designer, Henry Dreyfuss, devel- 
oped a number of structural variations for 
transmission towers. The designs fall into two 
principal categories: wide base with two or four 
legs, and narrow base with a single supporting 
stem. 

The use of tapered steel poles rather than 
conventional towers has in a number of cases im- 
proved the appearance of the right-of-way, as 
shown in figure 12.8. With crossarms of pleasing 
shapes, the pole structures present a clean, un- 
cluttered appearance. A disadvantage is that 
these poles require substantially more steel than 
towers, and thus are more expensive, but over- 
head lines using them cost much less than un- 
derground transmission facilities. 

In addition to steel, laminated wood and con- 
crete have had limited use for transmission pole 
construction. Other materials, such as reinforced 
plastic, are also possible. 

Materials used to construct transmission 
structures, and the colors of the components, 
should harmonize, to the extent possible, with 
the natural surroundings. For example, treated 
wood poles are less obstrusive in forest or tim- 
ber areas and weathered galvanized steel is the 
least apparent when the structures must be sil- 
houetted against the sky. Painted transmission 
poles have been used successfully to blend struc- 


Figure 12.8—The use of ornamental poles by Common- 
wealth Edison Company improves the appearance of 
an overhead transmission facility in the Chicago area. 
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tures with the landscape. Some utilities are de- 
veloping color standards that provide for coordi- 
nated color treatment of transmission and 
substation facilities. 

Considerable work has been done to improve 
the esthetics of overhead transmission facilities; 
however, there is still a need for additional im- 
provement. 


Underground Transmission Lines 


In 1970, there were about 2,000 miles of un- 
derground transmission lines in the United 
States, mostly in densely populated areas where 
overhead rights-of-way are not available or are 
prohibitively expensive. These high voltage un- 
derground lines represent less than one percent 
of the Nation’s total transmission system. 

From an esthetic point of view, the under- 
ground construction of transmission facilities 
might seem to be desirable. In wooded areas, 
however, undergrounding would require a com- 
pletely cleared swath. Moreover, the earth dis- 
ruption of burial could heighten erosion, and 
under certain soil and moisture conditions the 
heat dissipated into the earth by underground 
conductors could adversely affect vegetative 
growth. In such areas, the visual impact of un- 
dergrounding could be as pronounced as for 
overhead installations. 

Another esthetic consideration in  under- 
grounding alternating current transmission lines 
is the bulky equipment required to compensate 
for charging current (see chapter 13). Providing 
such equipment along the underground trans- 
mission lines creates siting problems comparable 
to those involved in locating and designing sub- 
stations. 

Fewer technical and environmental problems 
are encountered in undergrounding direct cur- 
rent transmission lines than for alternating cur- 
rent systems. However, esthetics must be an im- 
portant consideration in designing and locating 
the expensive converter equipment required to 
change from alternating to direct current at the 
sending end and to change back to alternating 
current at the receiving end. 


Transmission Substations 


Substations associated with the transmission 
of bulk power supplies are necessarily larger 
than those included in distribution systems. The 
techniques for environmental compatibility are 


similar, except that full concealment is not 
usually possible for transmission substations. 

Substation location is vitally important as the 
concentration and confluence of high voltage 
and lower voltage distribution lines create a se- 
vere impact on the area and communities adja- 
cent to the site. The substation is a focal point 
of congestion and its proper location is one of 
the most important elements of a utility’s envi- 
ronmental program. Colors, structural design, 
and landscaping should be selected to accent or 
be accented by the natural elements and forms 
of the surrounding environment. Simplicity of 
design, including components with low profile, 
should be considered essential, and lighting fre- 
quently can be used to enhance the appearance 
of substations. 

Maintenance, warehouse, and storage facilities 
at substations should be so located and main- 
tained as to minimize their effect upon the envi- 
ronment. 


Generating Facilities 


The opportunities for improving the appear- 
ance of electric generating stations vary 
substantially with the type of plant, as discussed 
in the separate sections that follow. Much has 
been and is being done by utilities to improve 
the appearance of generating stations. Addi- 
tional discussions relating to generating facilities 
are in chapters 5, 6, 7, and 8. 


Hydroelectric Plants 


The topography, geology, and other site con- 
ditions of the region generally determine not 


Figure 12.9—An ornamental wall and shade trees are 
featured in landscaping Dallas Power and Light Com- 
pany’s 138-kV Matilda substation in Dallas. 
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only the location of a hydroelectric project but 
also the type of major structures such as the 
dam, spillway, and outlet facilities, that are re- 
quired. Once the general plan is established, 
however, there are a number of opportunities 
for esthetic treatment. 

In the case of massive concrete structures, 
there are opportunities for architectural treat- 
ment of the facilities so as to present an attrac- 
tive and coordinated design for the entire proj- 
ect. For best results all design professions must 
work together to achieve a unified design. The 
designers must also work in close cooperation 
with the contractor to assure the preservation of 
natural features and provide compatibility be- 
tween the structures and the surrounding land- 
scape. Good examples of what can be achieved 
with such an approach are the Corps of Engi- 
neers’ Libby project in Montana, the Bureau of 
Reclamation’s third power plant at the Grand 
Coulee Project, and the City of Seattle’s Ross 
Dam in Washington. 

For projects including large embankments, 
the appearance can be improved by landscaping. 
Ridge lines need not be uniformly straight, and 
they may include some undulations. Landscap- 
ing along the crest and the toe of embankments 
can blend them with their surroundings. Graded 
plantings and grasses can be utilized to conceal 
the scars of construction and of fluctuating 
water levels. 

When a powerhouse is located at a dam, it 
should be designed to harmonize with the dam 
design. At the Libby project the powerhouse 
configuration is integrated with the downstream 
face of the dam (figure 12.10). In some cases, 
the underground construction of powerhouses 
will eliminate landscape intrusions. An example 
is the powerhouse of the 1,000-megawatt North- 
field Mountain pumped storage project, now 
under construction by Northeast Utilities in 
Massachusetts, which will be several hundred 
feet underground. Project facilities above 
ground will be integrated with the landscape. 
At the Bureau of Reclamation’s Yellowtail and 
Morrow Point dam and power plant installa- 
tions, transmission lines in the vicinity of the 
plants have been undergrounded and the Mor- 
row Point plant itself has also been built under- 
ground. 

Hydroelectric projects tend to attract large 
numbers of visitors. Therefore, parking space, 


Figure 12.10—Corps of Engineers’ Libby Dam and Power- 
house. 


visitors’ centers, and other facilities should be 
provided to take care of the visiting public. The 
design of these facilities should conform to the 
overall design of the project. Recreational use of 
the land and waters of a project also requires fa- 
cilities, which should be designed, operated, and 
maintained, to the extent possible, to blend 
with, preserve, and enhance the natural land- 
Scape. 


Steam-Electric Plants 


Although generally more flexible than the 
selection of hydroelectric plant sites, the selec- 
tion of the sites for steam-electric plants involves 
consideration of such factors as economy, the 
availability of cooling water and fuel, safety, re- 
liability of service, environmental effects, and es- 
thetics. Obviously, sites selected for steam-elec- 
tric plants must be consistent with state, 
regional, and local land use plans and zoning 
regulations. Until recently, environmental effects 
and esthetics were given only secondary consid- 
eration in selecting many plant sites. The indus- 
try now generally recognizes the need to im- 
prove the appearance of its facilities and reduce 
environmental impacts. In order to gain full 
public acceptance, the trend toward environ- 
mental improvement needs to be broadened and 
expedited. 


The location and design of facilities on a se- 
lected site are important factors in minimizing 
the impact on the natural environment. Appear- 
ance can be enhanced by the establishment of 
buffer zones around the plant. These zones, 
which should be considered by regulatory bodies 
as integral parts of the site, can be used to 
screen the plant facilities by means of trees, veg- 
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etation, and other landscaping. In many cases, 
picnic areas can be provided, and the addition 
of artfully designed visitor centers at power 
plants can improve public acceptance of the fa- 
cilities. It is important also that transmission 
lines extending from the plant be visually ac- 
ceptable. 

Both nuclear and fossil-fueled steam-electric 
plants include large buildings and other struc- 
tures, and fossil plants often include very tall 
stacks. The esthetics of power plants are en- 
hanced by good architectural design and land- 
scaping treatment. Strategic profiling and _posi- 
tioning of buildings and structures, use of 
appropriate materials and colors, and use of 
screening and blending of landscaping are 
among the techniques available to moderate vis- 
ual impact. Even the stacks, which are difficult 
to treat esthetically, can be designed, located, 
and colored to complement other structures. 
Outside lighting may also be used to improve 
plant appearance. 

Substantial improvements can be made in the 
appearance of fossil-fueled plants. Coal-burning 
plants in particular can be upgraded by im- 
proved designs for coal storage facilities. Use of 
retaining walls and additional conveyors would 
permit trimmer and smaller coal yards and thus 
reduce the random appearance of such areas at 
many existing plants. Landscaping of coal yards 
and ash disposal areas would also improve the 
appearance, and fuel transportation facilities can 
be given appropriate esthetic treatment. 

The type of cooling system used greatly influ- 
ences the esthetic qualities of steam-electric 
plants. Once-through systems usually cause the 
least noticeable change in the natural environ- 
ment. The required structures include an intake 
with screens, a conduit or canal leading to the 
condensers, a discharge conduit or canal, and 
possibly a dispersion outlet. These rather mod- 
est structures are normally located at the edge 
of a water body with a major part of the instal- 
lation being placed underground or underwater. 
However, care must be taken to assure that the 
warm water discharges will not adversely affect 
the ecology or appearance of the water source. 

Cooling ponds are more expensive than the 
normal once-through systems but the structural 
requirements are essentially the same. Cooling 
ponds may add to the beauty of an area and 
provide recreational opportunities, but the addi- 


tion of heat to the water in cooling ponds accel- 
erates the rate of evaporation which has some 
effect on the humidity of the local area, possibly 
increasing the amount of fogging. Also, favor- 
able sites for the ponds may not be available, 
particularly in urban areas. 

Cooling towers, whether of the mechanical or 
natural draft type, are large structures which 
have a great visual and environmental impact. 
Because of the sizes of structures, cooling towers 
are difficult to treat esthetically. However, good 
structural design of facilities and landscaping of 
the site are helping in maintaining an accept- 
able appearance and minimizing disharmonies 
with the natural environment. Also, the plumes 
of visible water vapor that vary in volume and 
length with changing weather conditions must 
be considered and evaluated in selecting the 
type of cooling tower and_ site location. 
Ground-level effects upon local weather, includ- 
ing fogging or icing, tend to be greater for the 
mechanical draft type owing to its lower height. 

If dry cooling is utilized, the required struc- 
tures would create somewhat greater visual im- 
pacts. Both the mechanical and natural draft 
structures would be larger in size or of greater 
number than evaporative cooling towers. How- 
ever, the adverse esthetic impacts would be 
offset to some degree by the absence of any Visi- 
ble plume. 

Despite the greater cooling needs, nuclear 
plants have better opportunities for esthetic 
treatment than fossil-fueled plants. ‘The nuclear 
plants are cleaner, eliminate the need for ex- 
tremely tall stacks, do not require large fuel 
storage areas or ash disposal areas, and signifi- 
cantly reduce the required transportation of fuels 
and wastes. Thus, they can be more readily har- 
monized with the surrounding landscape. From 
the layout of the planned Trojan plant on the 
Columbia River (figure 12.11) it is clear that a 
cooling tower is a very difficult facility at nu- 
clear plants to treat esthetically. 

Esthetically, nuclear plants are well-suited to 
urban siting, assuming a source of cooling water 
is available. Urban locations may become com- 
monplace after a longer period of operating ex- 
perience demonstrates their safety and reliablity. 
Load center locations would permit elimination 
of some transmission facilities and their associ- 
ated esthetic problems. Presently, however, 
nuclear plants are being located in rural set- 
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Figure 12.11—The proposed layout for Portland General 
Electric Company’s 1,130-MW ‘Trojan nuclear plant 
near Portland, Oregon. 


tings, and this practice will probably continue 
for the immediate future. With proper design, 
such sites can provide areas and facilities for 
parks and recreation areas, wildlife preserves, 
and encampments for scouting or other groups. 
Some consideration is being given to building 
nuclear plants underground to enhance safety 
and public acceptance. 


Gas Turbine and Internal Combustion Plants 


Because of their relatively small size, gas tur- 
bine and internal combustion plants are readily 


Figure 12.12—Design for Boston Edison Company’s 625- 
MW Pilgrim nuclear plant at Plymouth, Massachusetts, 


adaptable to esthetic treatment. Since such 
plants do not require large quantities of cooling 
water, there is greater flexibility in their loca- 
tion than for other types of generating plants. 
Gas turbine and internal combustion plants are 
sometimes placed partially or totally under- 
ground to reduce plant noise. In areas where 
water bodies and water courses exist in close 
proximity to metropolitan areas, gas turbine 
plants can be mounted on barges. 

Esthetic treatment of gas turbine and internal 
combustion plants includes appropriate architec- 
tural design of buildings, color and texture 
selection of exterior walls, noise insulation, exte- 
rior lighting, and landscaping. 
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CHAPTER 13 


TRANSMISSION AND INTERCONNECTION 


Introduction 


The need to transport electrical energy 
efficiently and economically from one location to 
another in ever increasing amounts has led to 
continual development of higher and _ higher 
transmission voltages. Virtually all transmission 
in the United States is by means of alternating 
current and the past decade has seen a rapid ex- 
pansion in the use of 345 and 500-kilovolts ac as 
primary transmission levels. The first 765-kilo- 
volts equipment in the United States was ener- 
gized in the spring of 1969. The first extra high 
voltage (EHV) dc installation in the United 
States, a =+400-kilovolts system reaching from 
northern Oregon to southern California, was 
placed in commercial service in May 1970. The 
trend to higher voltages, accelerated in the past 
primarily by the economic advantages of trans- 
mitting large blocks of power, is now influenced 
significantly by the need to make maximum use 
of rights-of-way and thereby to minimize the en- 
vironmental intrusion. 

A fundamental approach to achieving reliable 
power supply requires that extensive transmis- 
sion systems operate as integral parts of a 
strongly interconnected network. Three princi- 
pal objectives in providing adequate inter- 
connection transmission capacity * are: 

“1. To support immediately any load area 
suddenly faced with a serious and un- 
expected deficiency in its normal gener- 
ating supply. The network must have 
capacity to handle, well within stable 
limits, the automatic inflow of support- 
ing power from the hundreds of gener- 
ators in the surrounding interconnected 
network. 

2. To transfer, without serious restriction, 


1 Prevention of Power Failures, Vol. I, FPC, June 1967, 
Pio: 


capacity and energy within regions and 
between regions to meet power short- 
ages. Emergencies can arise from 
innumerable causes, such as delays in 
commercial operation of new genera- 
tion, problems with new equipment, 
the failure of major generating units or 
other elements of the system, and unex- 
pected peak demands caused _ by 
weather extremes. 

3. To exchange power and energy on a 
regional and interregional scale, and to 
achieve important reductions in gener- 
ating capacity investment and in cost 
of energy production.” 

The latter objective is often a major factor in 
utility transmission and generation agreements. 
Frequently, individual systems are not able to 
finance or economically use the large steam-elec- 
tric generating units now technically feasible, 
but, by appropriate planning and mutual agree- 
ment and the strengthening of transmission in- 
terties, the economies inherent in the construc- 
tion and operation of large units can be jointly 
shared. Other benefits include: 

1. Scheduling of bulk energy transfers over 
tie lines to take advantage of energy-cost 
differentials between the areas. 

2. Diversity exchanges made possible by 
differing load characteristics due to sea- 
sonal patterns, time zones, and weather. 

3. Sharing of operating reserve to take ad- 
vantage of different types of generation 
and to maximize efficiency in unit com- 
mitment and scheduling. 

4. Improvement in transient stability. 

Utilities recognized the advantages of inter- 
connections at least as early as 1914, when it 
was observed that appreciable economic benefits 
could accrue from a transmission tie between 
two systems in New England—one with only hy- 
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droelectric and the other with only steam-elec- 
tric sources of generation. Elsewhere throughout 
the country, the rapidly improving transmission 
and generation technologies provided strong 
economic and reliability incentives to intercon- 
nect small systems. By 1920, many small generat- 
ing plants were either abandoned or intercon- 
nected into systems established to serve the 
needs of relatively large geographical areas. 
With the exception of the Texas Interconnected 
Systems group, virtually all of the large utilities 
in the United States now operate synchronously, 
although the power transfer capabilities of some 
tie-lines are lower than those needed at times to 
meet peak demands in power shortage areas. In 
recent years the eastern two-thirds of the contig- 
uous United States was interconnected with the 
western interconnected systems through what 
have become known as the “east-west ties” in 
the Rocky Mountain area. These ties have very 
limited capacity and are vulnerable to frequent 
tripping on power swings. 


General Patterns of Transmission 
Systems 


Virtually all transmission in the United States 
is by means of alternating current. Extensive 
transmission systems cover all parts of the coun- 
try, but patterns in various areas differ some- 
what because of local conditions and require- 
ments. Some of the networks evolved, as load 
growth required, through the creation of higher 
voltage transmission overlays to provide greater 
capacity; some were developed as express routes 
for energy from generating stations to distant 
load centers; and some were built to provide in- 


terconnections between companies in pool 
groups, or ties between pools or other operating 
areas. 


Trends in Voltage Levels 


Transmission voltage levels have increased in 
keeping with load growth. The evolution of 
power systems with various historical origins, 
load densities, growth rates, and management 
preferences has led to a variety of voltage pat- 
terns. Most systems have progressed from the 
34.5-kilovolt or 69-kilovolt range to 115, 138, 
or 161 kilovolts. Voltage upgrading above these 
levels generally occurs as a step increase to 
about double the voltage level of the existing 
system. Many of the larger systems have prog- 
ressed to 230 and 500 kilovolts transmission or 
to 345 and 765 kilovolts. Major lines of 230 kil- 
ovolts and higher voltages which were in service 
in 1970 are shown on figure 13.1. The historical 
increase in maximum ac voltage levels since 
1883 is shown in Figure 13.2, and the miles of 
line in selected higher voltage levels, including 
projections to 1990, are shown in table 13.1. 

Transmission voltages above 765 kilovolts will 
be needed in the future, and development work 
is currently under way on overhead transmission 
at levels as high as 1500 kilovolts. More research 
is needed to provide information on behavior of 
long air gaps and insulation media and on ways 
to reduce switching surges and corona effects be- 
fore practical installations will be possible at 
voltages of 1000 kilovolts and above. 

Industry representatives believe that insulator 
contamination and switching surge voltages rep- 
resent the two greatest technical problems that 
need to be adequately resolved in order to prog- 


TABLE 13.1 


Transmission Line Mileages in U.S., 230 kV and Above! 


230 kV 287 kV 345 kV 500 kV 765kV +400kV(dc) Total 
1940: cen eee 2,327 647 A Bia 3) a ese ae 2,974 
19502 Oso aris baie 7,383 TID io ssis, Cee Sats Soot Oe ee 8, 174 
1960 Ree eee 18,701 1,024 2,641 13°. 3% Se eee 22,379 
1970. 2 were 40,600 1,020 15,180 7,220 500 850 65,370 
1980 seestahee eae. 59, 560 870 32,670 20, 180 3,540 1,670 118,490 
1990 hv nena See eee 67, 180 560 47,450 33,400 8, 940 1,670 159,200 


1 By 1990 there may be significant applications of ac voltages higher than 765 kV and more extensive use of HVDC 


than that shown in the table. 
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ress to transmission voltages above 765 kilovolts. 
Induced voltage and audible noise problems 
may also be difficult to solve. Insulator contami- 
nation interacting with moisture and pollutants 
in the atmosphere is one cause of flash-over. In- 
sulators on overhead lines and outdoor termi- 
nal equipment are being exposed to more and 
more contamination. As the insulator strings be- 
come longer at the higher voltages, the contami- 
nation problem becomes worse because the vol- 
tage distribution across the total string length is 
less uniform and the dielectric stresses are 
greater near the conductor end of the insulator. 
Additional research effort needs to be devoted 
to developing an insulation system that is not 
significantly affected by contamination, or one 
which has the capability of maintaining more 
uniform voltage distribution across its entire 
length. 

There is considerable support for the selec- 
tion of a single future voltage level for overlay- 
ing both 500 kilovolts and 765 kilovolts. ‘This 
would permit the development of equipment for 
only one ultra high voltage (UHV) level and 
would offer the advantages of reduced research 
and development costs. It would permit greater 
mass production of transmission system compo- 


356-238 O - 72 - 18 


nents, and more opportunities for interchange 
of parts and equipment required for mainte- 
nance by limiting the number of different sys- 
tem components. The disadvantage of the single 
overlay voltage concept is the relatively large ca- 
pacity ratio of a uniform UHV system, say 1300 
kilovolts, to a 500-kilovolt system. And final de- 
cision on the use of a single UHV voltage de- 
pends on the results of further study and re- 
search. 


Capacity of Overhead Lines 


The power transfer capability of most 
transmission lines is neither simple to determine 
nor convenient to state in generalized terms be- 
cause of the interaction of an individual line 
with the network. Furthermore, except for rela- 
tively short lines, the transfer capabilities of 
high voltage lines are usually limited by some- 
thing other than thermal considerations. Con- 
ductor size is usually selected to minimize cor- 
ona loss, radio and television interference, and 
audible noise. Thus, it frequently exceeds mini- 
mum requirements for current carrying capabil- 
ity. A comparison of nominal load levels for rel- 
atively long overhead lines of selected voltages is 
shown in figure 13.4. Capabilities of short lines 
are greater. Surge impedance loading and line 
compensation are discussed in detail in Part II 
of the 1964 National Power Survey. 


Figure 13.3—Steel tower on American Electric Power Com- 
pany’s 765-kV transmission system. 
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APPROXIMATE POWER-CARRYING 
CAPABILITIES OF LONG LINES 
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Transmission Line Cost Considerations 


One of the important considerations in the 
design and costs of transmission systems is the 
maximum utilization of available rights-of-way. 


Figure 13.5—Modernistic structures support two 345-kV 
lines of the Northern States Power Company. 


Figure 13.6—Chicago area substation and 138-kV _ trans- 
mission line of the Commonwealth Edison Company 
illustrate modern designs. 


Many utilities have replaced lower voltage lines 
with EHV facilities to increase the power that 
can be transmitted over the same right-of-way. 
Multiple circuit configurations have also been 
used extensively to achieve similar results. The 
optimum transmission voltage for a particular 
circuit is, in part, determined by transmission 
distances, magnitudes of power to be trans- 
ferred, network arrangements, terminal costs, en- 
vironmental considerations and other related 
factors. All must be carefully considered in se- 
lecting the proper time to introduce additional 
lines or a higher transmission voltage on a given 
system. 

Costs of rights-of-way and construction of new 
transmission lines vary widely depending upon 
terrain and competition for land. In some heav- 
ily populated areas, such as New York City, it is 
virtually impossible to construct overhead trans- 
mission lines, and the only means of transmis- 
sion system expansion is through the use of 
underground circuits. As urban populations in- 
crease this condition will become more wide- 
spread. 

The growing emphasis on environmental pro- 
tection and aesthetic improvement is encourag- 
ing consideration of underground systems but, 
for the foreseeable future, more than 90 percent 
of the transmission system expansion outside of 
highly congested areas is expected to be overhead. 

Changes in the design and construction of 
overhead transmission facilities to minimize en- 
vironmental intrusion (see Chapter 12) will — 
add to the cost of future lines and, conse- 
quently, increase the cost of energy to the ulti- 
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mate consumer, but such costs are generally 
much less than the cost of undergrounding. 

Costs of transmission lines below 500 kilo- 
volts, discussed in detail in the 1964 National 
Power Survey, have undergone no fundamental 
changes, but of course there have been consider- 
able increases in costs of rights-of-way, labor, 
and materials. Cost information for transmission 
lines of 500 kilovolts and above was very limited 
in 1964, but construction since that time has 
provided cost data as shown in table 13.2. It is 
apparent that significant differences in costs 
occur even within the same general geographical 
area, due to differences in such things as labor 
costs, route conditions, rights-of-way acquisition 
costs, and the length of the line involved. 


‘The cost per unit of energy transfer decreases 
with escalation of voltage levels, even though 
total capital costs increase, because the capacity 
of transmission lines in stability-limited systems 
increases approximately as the square of voltage, 
while total cost increases at a lower rate. In ad- 
dition, the line losses per unit of capacity are 
usually less with higher voltages. Comparative 
resistance losses per 100 circuit miles of trans- 
mission distance are shown in figure 13.7 for 
typical EHV line designs now in service in the 
United States. 

For a given distance and load, there is an op- 
timum voltage which results in a minimum cost 
per kilowatt-hour transferred, as shown in figure 
13.8. Similar charts could be prepared for other 


TABLE 13.2 


Actual Costs of Specific AC Lines 


Conductors 


EASTERN AREA—500 kV 


2D4AIBPACARGHA SEED EE. = SRI. ePID 
De ZO49s 5005! revs. ebges 5254+ Besta: Le Lente. SE ee MS 
a OTA WAN GIT RAE ese Bicgtta: Seite ae See ee eee 
A BSN CSIR ar AE IR See cnet ots nie Ch reo 
DOS EA CSIR fever PRS Cuan in sie Resiedege| ame eh stators Sea eker es aires 
2 DAOO EA CiA Revteattie thr te ce chee slacere teehee ete On nba ef st see o0 
DPA OA GA RE SARI Ss Ets. Ney hotdee hs ott latte te enteetete s 
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CENTRAL AREA—500 kV 
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WESTERN AREA—500 kV 
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ALL REGIONS—735-765 kV 
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Cost per Mile 1 


Right of Way Line Total 

and Clearing Construction 
eee $30, 700 $80 , 800 $111,500 
Bee 13,500 128, 500 142,000 
eA: 16,700 85, 800 102, 500 
ne 12,400 65, 300 77,400 
A 10,000 95, 500 105,500 
ie ae 17,000 98 , 000 115,000 
hehe 20,000 142,000 162,000 
Roary ae 59,000 272,000 2331 ,000 
eae 22,000 118,000 140,000 
ae 12,000 95,000 107, 000 
Bote Beshaud SI ee aNd tp: Be OO at te ake oS 
Wen, A 24,000 95,600 119,600 
= ere 7,100 72,200 79, 300 
Ao EI: es 52, 000 tae wee niet eee 
eae 25,000 93 , 900 118,900 
see 2,000 124,000 3 126,000 
ee 18, 700 146, 300 4 165,000 


1 1968-1969 prices (Significant increases in costs have been experienced recently in some areas). 


2 Line near urban center. 
3 Desert construction. 
4 Includes line sections built over 4-year span. 
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conditions, but figure 13.8 is based on the fol- 
lowing assumptions: 

1. Load factor of 70 percent. 

2. Annual fixed charges are 12.5 percent 
for transmission lines and 13.5 percent 
for substation facilities. Annual opera- 
tion and maintenance costs are 1 per- 
cent of the investment cost in each case. 

3. Installed costs for substations include 
autotransformers, circuit breakers, and 
air-break switches, plus property cost of 
$26,400 and site-development costs. Site- 
development costs are those suggested in 
Part II of the 1964 National Power Sur- 
vey, indexed upward to reflect subse- 
quent cost escalations. 


4. Series compensation in discrete amounts 
of 20, 40, or 60 percent was used where 
required and, in such cases, the installed 
costs of capacitors, protective equipment, 
and switchgear are included. 

5. The cost of line right-of-way is $775 per 
acre. 

6. Capacity cost of losses, cost of transmis- 
sion construction, and various installed 
costs of equipment items are those ap- 
pearing in the Commission’s 1968 Re- 
port, Hydroelectric Power Evaluation 
(FPC P-35), and its 1969 Supplement 
(FPC P-38) . 

There are wide variations in the designs of 
EHV lines even for the same nominal voltage 
level. Also, line loadings are often limited by 
transient stability considerations which depend 
on the particular system. Therefore, figure 13.8 
is intended only to illustrate general relation- 
ships and should not be used for cost estimating 
purposes. 


AC Terminal Equipment 


Major items of terminal equipment for ac sys- 
tems include the switchgear, transformers, light- 
ning arresters, and devices for relaying, 
metering, control, and communications. Trans- 
Mission substations include insulators, conduc- 
tors, disconnects, and physical supporting struc- 
tures to organize and connect individual 
equipment items into a working assembly, and 
some stations include equipment for line com- 
pensation and power factor correction. 


Switchgear 


The progression to higher transmission vol- 
tages consistently introduces new problems of 
switchgear design, primarily because of the diffi- 
culty in handling switching surge voltages with 
present insulation techniques. The next step 
above 765 kilovolts may pose severe problems 
unless practical ways can be found to reduce the 
ratio of switching surges to operating voltages. 
Proposed methods include the insertion of multi- 
stage resistors in the circuit during the operating 
sequence of the breaker, synchronous control of 
contact operation to assure closure at a point in 
the cycle which will generate minimum voltage 
surges, single pole rather than three-phase fault 
clearing and reclosing, and use of suitable de- 
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vices for draining the trapped charges from the 
line. 

Most of the EHV circuit breakers currently in 
use utilize either air or sulfur hexafluoride 
(SF,) as the primary arc-control medium. Oper- 
ating times are very short, about 14, of a second 
of circuit breaker operating time plus not less 
than 149, of a second of relay time. There is a 
continual effort to reduce these times, and fur- 
ther reduction will be even more urgent for 
UHV systems, unless some better way is found 
to minimize the shock and damage to the system 
from maximum fault conditions. 

Other types of high voltage switches used to 
isolate energized equipment also require some 
means of surge suppression to limit voltage 
spikes during operation. 


Transformers 


Three-phase transformers now in use on 345- 
kilovolt systems are approaching capacities of 


1,000 megavolt amperes, and banks of single- 
phase units having three-phase ratings as high as 
1,200 megavolt amperes are in service on 500- 
kilovolt systems. Some single-phase units with 
ratings up to 600 megavolt amperes are being 
used on 735-kilovolt systems in Canada. The 
largest transformers being used on the 765-kilo- 
volt system in the United States are 500 megavolt 
ampere single-phase units. These reach the maxi- 
mum size that can be handled under current 
shipping limits. Improvements in transformer 
insulation systems during the last few years have 
increased maximum allowable operating temper- 
atures, permitting higher capacities to be at- 
tained without a corresponding increase in phys- 
ical size. Supercooling may also offer possibilities 
for reducing the physical size of transformers. 
Nevertheless, the need for continued increases in 
transformer capacity may require new ap- 
proaches to design, and new manufacturing, 
shipping, and assembling techniques. 
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Figure 13.9—A helicopter lifts structures to site of Ala- 
bama Power Company’s 230-kV transmission line under 
construction across swampland near Mobile, Alabama. 


Lightning Arresters 
Improvements in lightning arresters permit 
the levels of transmission system insulation to 
be reduced below those of a few years ago, but 
the inability of arresters to withstand power fre- 


a 


Figure 13.10—High-speed air-blast circuit breakers at one 
of Pacific Gas and Electric Company’s 500 kV trans- 
mission substations. 


quency overvoltages is still a limiting factor in 
reducing insulation levels. 

Lightning protection begins with effective 
shielding of transmission lines by overhead wires 
and of substations by lightning masts or ground 
wires. This considerably reduces the probability 
of damage from direct strokes. Induced surges 
originating at some distance from the substation 
are appreciably attenuated by the time they 
reach terminal equipment. To provide a further 
margin of safety, substation arresters are usually 
selected to withstand the current discharge asso- 
ciated with a direct stroke of unusual severity. 
Thus, properly protected station equipment is 
seldom damaged by lightning. 

On high-voltage transmission systems, switch- 
ing surges are more difficult to suppress than 
lightning surges because they may have higher 
peak voltages or characteristics which create 
greater thermal endurance stresses. Therefore, 
effective limitation and control of switching 
surges may determine the maximum transmis- 
sion voltages of the future and the real test of 
lightning arresters may be their capability to 
discharge successfully the relatively heavy capa- 
citive currents to which they may be subjected 
as a result of switching surges. 


Relaying, Metering, and Control 


The monitoring, control and protection facili- 
ties on a transmission system are as essential to 
reliable electric service as the actual power-han- 
dling components. Extensive monitoring of sys- 
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Figure 13.11—Single phase 765/345 kV, 500 MVA, forced 
oil, air-cooled transformer of American Electric Power 
Company. 
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tem conditions is performed continuously by au- 
tomatic devices which initiate actions directly in 
some cases and alert the operators in others. 

Measurement of voltages, currents, and phase 
angles, or combinations of these quantities, and 
rates of change of the measured values have 
been used for many years to detect abnormal 
conditions. The quantities are usually measured 
by coupling the metering and protective devices 
to the power system through instrument trans- 
formers that reduce the primary circuit voltages 
and currents to values suitable for the instru- 
ments. In the modern control systems more ac- 
curate devices with faster response times are 
needed. Current transducers are being investi- 
gated as a replacement for the older type cur- 
rent transformers, and pulsed light beams, mod- 
ulated radio signals, and polarized light sources 
are in experimental use for coupling intellig- 
ence data to the associated meters, relays, or 
controls. 

Relaying systems which detect abnormal con- 
ditions initiate the necessary circuit breaker ac- 
tions to minimize damages by isolating defective 
equipment or, when necessary, areas of disturb- 
ance. Most high-voltage transmission lines are 
protected by high-speed relays which, in combi- 
nation with communication channels between 
terminals, can initiate tripping of the circuit 
breakers on a faulted line in about 149, of a sec- 
ond. Many protective systems use electro-me- 
chanical relays and occasionally vacuum tube 
devices, but over the last ten years a number of 
different types of solid state electronic relays 
have been installed. Although the latter are 
somewhat more expensive than their electro-me- 
chanical counterparts, the extra initial cost was 
expected to be offset by improved operation and 
lower maintenance requirements. Inadequate 
performance retarded the acceptance of some of 
the solid-state devices, but it is reported that 
problems encountered with early models may 
have been largely overcome. 

Because of the demands for extreme reliabil- 
ity, many utilities are now installing double sets 
of primary relaying, each independent—or vir- 
tually so—from the other. Heavy emphasis is 
being placed on system protection in the event 
of breaker failures. EHV systems require better 
shielding and grounding for control cables and 
wiring regardless of the types of relays that are 
employed. It is likely that still greater attention 


will be required in these areas as even higher 
transmission voltage levels accentuate problems 
of electrostatic and inductive coupling. 

Recent years have seen the introduction of 
several new types of high speed recorders for sys- 
tem surveillance and performance analyses. 
They are valuable for identifying both normal 
and improper performance during system dis- 
turbances and for providing information to en- 
able improvement in system planning and de- 
sign. Some devices have sufficient memory 
storage to accumulate information on over 500 
events and to subsequently produce a log in 
proper sequence with two-thousandths of a sec- 
ond time discrimination. 

For revenue metering and other important en- 
ergy transaction records, there has been increas- 
ing use of meters which produce punched paper 
or magnetic tape recordings that can be ma- 
chine processed to eliminate the necessity of 
visually scanning and analyzing the records to 
obtain necessary billing data or other informa- 
tion. A continuation of that trend and more use 
of central processors with transmission channels 
from remote sampling and metering points is to 
be expected. 

Several of the newer dispatch and control cen- 
ters have used large cathode ray tubes as display 
devices for key elements of system information, 
and some have employed color tubes effectively 
to call attention to changes in system conditions. 
These installations utilize relatively large digital 
computers to supervise the automatic monitor- 
ing routines; accept updated information; com- 
pare the new and old readings; and initiate ap- 
propriate signaling, display, or other action in 
response to the detected change of conditions. 
The same computers are often used for opera- 
tional analyses and examination of conditions to 
be expected under planned system changes or 
emergency conditions. Such installations are 
now used by some large pools and their ex- 
panded use, together with increases in the appli- 
cation of satellite systems reporting to master 
control centers, is expected to be the trend for 
the future. 


Transmission System Overvoltages 


Transmission system overvoltages, sometimes 
high enough to constitute serious’ problems, can 
be experienced under normal conditions because 
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Figure 13.12—The control room of the Pennsylvania- 
New Jersey-Maryland Interconnection Control Center 
provides an automated system diagram of: the inter- 
connection (rear), a large screen display to show selected 
substation equipment (left), digital televisions to display 
messages and diagrams concerning system conditions 
(center), and strip chart recorders to display pertinent 
electric quantities (left foreground). 


of line charging currents. Shunt reactors can be 
used to alleviate the condition, although no at- 
tempt is made to achieve perfect compensation. 
System overvoltages often involve complex tech- 
nical problems and are discussed extrensively in 
Part IV which includes the Transmission Tech- 
nical Advisory Committee’s Report. 

Specially designed non-linear reactors for 
more effective and economical control of over- 
voltages have been employed on some EHV sys- 
tems. Further innovations in design, such as var- 
iable reluctance core control, may offer a means 
of future improvement. Minimizing losses and 
reducing noise levels are other important consid- 
erations in the design of reactors, transformers, 
and other apparatus for high voltage systems. 

In the study of overvoltage performance of 
EHV systems,, physical limitations in model sim- 
ulations and measuring techniques have pre- 
vented a full, in-depth analysis of some of the 
important phenomena involved. Basic assump- 
tions concerning the symmetry of three-phase 
lines, the modeling of iron-cored (non-linear) 
elements such as reactors and transformers, and 
the manner in which sources and loads are rep- 
resented need to be examined further so that 
more realistic representations can be incorpo- 
rated in the models for study of EHV systems 
and future UHV systems. 


Transmission Line Outages 


A Joint Committee on Line Outages, formed 
by the Institute of Electrical and Electronics En- 
gineers and the Edison Electric Institute, re- 
ported in 1966? the results of a survey of oper- 
ating experience with transmission lines in the 
230, 287, and 345-kilovolt classes during the 
period 1950-64. Data covered 386 transmission 
circuits totaling 25,499 circuit miles, and repre- 
sented 171,066 mile-years of operating experi- 
ence. Selected data from the survey are presented 
in table 13.3. The incidents were grouped in 
four general categories as follows: 

Natural Phenomena—lIcing, snow, sleet, 
lightning, wind, tornado, hurricane, vibrat- 
ing conductors, insulator contamination, 
flood, and fire. 

Equipment Failures—Line conductor, 
cable, ground wire, insulator, control de- 
vice, generator, transformer, other generat- 
ing station or substation equipment, etc. 

System Operation—Overload, overvoltage, 
undervoltage, switching surge, instability, 
and misoperation of relays. 

Human Act, Foreign Objects, and Un- 
known—Aircraft impact, vehicular accident, 
tree damage, animal and bird actions, per- 
sonnel error, vandalism (including gun- 
shot) , sabotage, and unknown causes. 

When the 1966 survey was made, the available 
information on operating experience for 500 
kilovolt and higher voltage circuits was consid- 
ered to be inadequate for reliable indication of 
performance, so these voltage levels were omit- 
ted from table 13.3. 


System Stability 


The continually increasing size of generating 
units, the upward trend in. transmission vol- 
tages, and the growing number of high-voltage 
interconnections will all have a profound effect 
on the equipment and operating procedures re- 
quired to maintain stability of future systems. 
Changes in steam-supply systems and turbine de- 
signs, and improvements in the sensing and re- 
sponse characteristics of control systems will also 
have an effect. 


2 Extra-High-Voltage Line Outages, IEEE-EEI Commit- 
tee Report, Paper 31TP66-417, IEEE Transactions on 
Power Apparatus and Systems, May 1967. 
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TABLE 13.3 
Transmission Line Outages, 1950-1964 
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1,659 213 696 
Outages Per 100 Miles Per Year 
INattiralshhenomena serpent ed cre cic. Meters, Sen Ia ere sisi era e ote ysae 0.680 1354 Bede, 
System Operation eee wesc crave re wewe here epee Steere Soca ie e PR ENG SIEM ere Ege oe 0.162 0.028 0.353 
incor quipmentel atures sere ee cet eiiees eae ee i ae eee eer: 0.068 0.037 0.129 
umanvActss l orcion: @bjects,;and (Unknown weer areas a ae 0.226 0.093 0.780 
1.136 1.992 4.721 
Permanent vs Temporary Outages Percent 
Percent of total outages classified as “‘permanent”’ (i.e. line was not restored 
to service automatically in avery short time). aa, 4) -a one 48 en swe OG, 230 18.2 
Some of the possible means of improving sys- urations, the use of high-speed response 
tem stability include: generator excitation has been found to 
1. Additional transmission significantly improve dynamic stability.) 
2. Increased use of line compensation 6. Improved monitoring of system condi- 
3. Faster clearing of disturbance by higher tions, with more comprehensive and 
speed relays and circuit breakers. (Some faster analysis to detect system abnormal- 
power engineers suggest that with pre- ities and determine optimum corrective 
sent fault clearing time capabilities of action. 
about ‘9 of a second, today’s equipment 7. Better and more complete instrumenta- 


may represent the optimum and the 
problems associated with larger units, 
lower inertias, and lower shortcircuit 
ratios may have to be offset by other 
means.) 

4. Single pole switching. 


tion in conjunction with computer moni- 
toring systems and more extensive and 
higher speed communication facilities. 
8. More exact methods of simulating system 
conditions and analyzing stability prob- 


5. More rapid means of balancing turbine- lems. 
generator energy input-output through Research is under way on these and other re- 
faster operation of turbine valves and dy- _ lated items which bear upon improved system 
namic braking. (In some system config- performance and reliability. 
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High-Voltage DC Transmission 


High-voltage direct-current transmission has 
not been used extensively up to this time, al- 
though worldwide there are a number of appli- 
cations including one in the western United 
States which had the highest capacity of any dc 
line in service in 1970. Table 13.4 lists the 
major installations to date. 

The cost of a dc line, excluding terminal 
equipment, is about 65 percent of an equivalent 
overhead ac line because of reductions in rights- 
of-way and materials required for conductors, 
and lighter supporting structures. This may be 
noted by comparing figures 13.3 and 13.13 
which show ac and dc structures for lines of rel- 
atively similar capacity. Dc terminal facilities 
are expensive, however, so overhead dc transmis- 
sion usually is economically attractive only for 
relatively long lines. The unique advantages of 
no charging current and freedom from frequency 
variations may make underground dc transmis- 
sion attractive even for short distances. Some re- 
cent studies comparing high-voltage dc to 345- 
kilovolts ac cable have indicated a breakeven 
distance of about 30 miles for underground 
lines in a heavily developed metropolitan area. 

A high voltage dc interconnection between 
the ac transmission systems of Quebec and New 
Brunswick is under construction, No transmis- 
sion line is involved; the purpose of the tie is to 


permit controlled energy interchange between 
the two systems without requiring synchronous 
operation. Research investigations also indicate 
that the use of parallel ac and dc circuits could 
assist in frequency and tie line control and thus 
improve stability of transmission networks. Di- 
rect current transmission, however, can only 
supplement and not replace ac transmission 
systems. 


The absence of skin effect and reactive cur- 
rent in dc circuits allows more efficient use of 
the conductor material than is possible in ac cir- 
cuits. Furthermore, by utilizing a bipolar ar- 
rangement with a suitable ground electrode or 
an insulated neutral conductor, a single dc cir- 
cuit can operate at half capacity with one con- 
ductor out of service. The emergency monopolar 
operation of a bipolar circuit with ground re- 
turn results, however, in a large flow of earth 
return current, and careful design is needed to 
prevent possible undesired side effects. 


The extent of effects of ground currents on 
buried metallic substructures, such as pipelines, 
is dependent upon the relative location of the 
ground electrodes with respect to the substruc- 
tures and the configuration and resistivity of the 
geological formations of the area. The potential 
for corrosion damage can be minimized by: 


1. Careful design and placement of the 


ground electrodes. 


TABLE 13.4 


High-Voltage Direct Current Power Transmission Projects 


Voltage Length of Route 
Date to (Miles) Approximate 
of Line Ground Capability 
Commission kV Cable Overhead Total MW 
Projects in Operation 
1954 Gotland-Swedish Mainland........ 100 GRP Ree ate ae 61 20 
1961 English) Channele peace ere ere +100 SAS we arb Se ek HIE 34 160 
1963 U.S.S.R. (Volgagrad-Donbas)...... 400s by. aha miencitys 295 295 250 
1965 Konti-Skan (Sweden-Denmark)..... 250 46 56 102 250 
1965 INéwsZealand)ss.-.ttsbeeateo scioetiee.- +250 P43) 360 385 600 
1965 Japan (Frequency Changer)........ 125 Oreo Hee ee ce ate oe ote oe 0 300 
1967 Vancouver Island (Canada)........ 130 L759 2555 43 78 
1967 Sardinia=[taly.fs.. care tit enema 200 ISRO 185 258.5 200 
1970 NW-SW Pacific Intertie........... t-400 woe isin evereusnte 851 851 1440 
Projects under Construction 
1971 Nelson River-Winnipeg............ 450 eee Piel 600 600 1620 
1971 Kingsnorth-London............... +266 ey een ne, cere: 51 640 


Figure 13.13—Los Angeles Department of Water and 
Power’s towers on 400 kV dc transmission, showing 
relatively light construction and limited spacing as 
compared to ac construction. 


2. Limiting the duration of any emergency 
monopolar operation of the system. 

3. Modification of existing cathodic protec- 
tion installations which protect against 
other sources of corrosion damage. 


4. Installation of automatically controlled 
cathodic protection devices which will 
respond to changes in ground currents. 


5. Installation of an insulated metallic re- 
turn conductor for use during monopo- 
lar operation of a bipolar HVdc system. 


Alternating current transmission inherently 
provides a means of transferring synchronizing 
power from one area to another, but this is not 
done automatically in a dc system. To accom- 
plish the equivalent results with dc will require 
development of extremely fast sensing and con- 
trol devices. The asynchronous nature of a dc 
line can be an advantage in some cases, how- 
ever, in that it does not transfer the ac tran- 
sients between systems in case of a disturbance. 

Strong harmonics generated by the converter 
valves are a disadvantage of dc systems. Most of 
these harmonics can be filtered out, but the cost 
for the filtering equipment may be as much as 
15 percent of the cost of the converter station. 


The filter capacitors do, however, contribute 
some part of the needed system reactive supply 
and part of the cost can, therefore, be allocated 
to that use. 

EHV converter stations built in 1970 or ear- 
lier utilized mercury-arc valves to convert the ac 
to dc, (or vice-versa). Solid-state devices, which 
are cheaper and smaller, are now available and 
are expected to become the dominant type for 
future use. In both instances, the valve groups 
have voltage ratings which are usually lower 
than the desired dc system voltage level. Conse- 
quently, groups of valves are connected in series 
to provide the desired voltage rating for the 
high-voltage dc system. Single mercury-arc valve 
groups have a maximum rating of about 135- 
kilovolts, while solid-state rectifier modules have 
been constructed for voltages of only 20-kilo- 
volts. 

A new lightning arrester, designed especially 
for EHV dc applications has been developed re- 
cently in the United States, and is used on the 
Pacific Northwest-Southwest dc tie. The new 
arresters provide superior protection to that af- 
forded by the conventional ac arresters used on 
dc systems in the past. 

Some limitations currently contribute to the 
inflexibility of dc transmission. For example, no 
high-voltage dc circuit breakers are commer- 
cially available, so short circuits must be inter- 
rupted by changing the terminal rectifier mode 
to inverter mode so that the fault current is 
blocked and the line discharged. If efforts being 
devoted to developing a suitable dc circuit 
breaker are successful, converter fault control 
could be eliminated, and tapping of dc lines be- 
tween terminals would be possible, thus enhanc- 
ing the value of dc transmission for general use. 

The cost of each Pacific dc intertie terminal 
was reported to be in excess of $40 per kilo- 
watt. Even if there should be a significant 
downward trend, dc switching station costs for 
some time will be considerably more than the 
$6 to $8 per kilowatt for an ac station of compa- 
rable capacity. 

About 21 acres of land were required for one 
of the 1440 megawatt dc terminals completed 
in 1970 (figure 13.14). This includes space for a 
service building, valve hall, converter-trans- 
former, valve damping facilities, ac filters and 
power factor equipment, dc filters and miscella- 
neous equipment, Faraday shields to prevent ra- 
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diation of high-frequency harmonics, ac and dc 
structures, buses, oil-handling equipment, out- 
door valve degassing equipment, entrance and 
service roads and employee parking areas. An ac 
station of comparable capacity might require 
about 15 acres. 

Some of the economic considerations in dc 
transmission, compared to ac, may be summa- 
rized as follows: 

1. Construction of the transmission line, 
overhead or underground, is less expen- 
sive. 

2. For comparably rated lines, transmission 
losses are less. 

3. Transmission cable capacities are not 
limited by reactive charging currents. 

4. Modern dc lines do not add appreciably 
to the short-circuit capacity requirements 
of their receiving buses. 

5. The asynchronous nature of dc lines 
may be an asset in some situations. 

6. Transmission terminal stations are ap- 
preciably more complex and expensive 
than their ac counterparts, both for ini- 
tial cost and operating and maintenance 
expenses. 

Comparative costs in mills per kilowatt-hour 
for comparable-capacity dc and ac circuits, for a 
range of mileages for which the shown voltage 
levels might be considered, are illustrated graph- 
ically on figure 13.15. 

The inherent attractive characteristics of dc 
and the availability of improved equipment 
should encourage the use of dc as a means of 
transporting large blocks of energy into con- 


Figure 13.14—Sylmar 
near Los Angeles. This station suffered extensive dam- 
age during the severe earthquake in the Los Angeles 
area on February 9, 1971. 
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Figure 13.15 


gested areas, particularly where underground in- 
stallations are dictated. The combination of di- 
rect current transmission and some of the 
cryogenic cable systems being studied appears at- 
tractive for future use when 5,000 to 10,000 
megawatts of capacity must be moved into large 
load centers. 


Underground Transmission 


In April 1966, the Federal Power Commis- 
sion’s Advisory Committee on Underground 
Transmission issued a report on underground 
technology and practices, and the estimated cost 
of underground versus overhead systems. There 
have been few changes since the 1966 report, 
but extensive research currently underway may 
provide solutions to some of the major under- 
ground transmission problems. 

The highest voltage ac underground transmis- 
sion cable currently in service is 345-kilovolts, 
and the most extensive system is that of the 
Consolidated Edison Company in the New York 
City area. A higher voltage installation, utilizing 
525-kilovolt oil type cables, will connect the 
new power plant and 500-kilovolt switchyard 
being constructed at Grand Coulee Dam, Paper 
will be used as the insulating medium, and the 
cable system will operate at a pressure of 265 
pounds per square inch. The first section of the 
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system is to be installed by July 1, 1973. The 
complete installation will involve three circuits 
(nine cables) with an average length of about 
6,500 feet. Each cable will utilize a 2,000 kcmil 
copper conductor and will have a normal cur- 
rent rating of 711 amperes (about 650 MVA, 
3-phase, at rated voltage) . 

A major difficulty of underground alternating 
current transmission lines results from a contin- 
uous flow of so-called “charging current” be- 
tween the conductor and the sheath. Its magni- 
tude increases with voltage and varies inversely 
with the thickness of the insulation and directly 
with the length of the cable. At 345,000 volts, 
utilizing commercially available cable, practi- 
cally all of the current-carrying capability of the 
uncompensated underground conductor is uti- 
lized by this charging current in a distance of 
about 26 miles. Therefore, no capability is left 
for useful current to be transmitted, unless very 
expensive and bulky compensation equipment is 
installed. 

Another consideration prohibiting extensive 
undergrounding of transmission systems is insu- 
lation. Overhead lines are insulated by the air 
surrounding the conductors and by the long 
strings of supporting insulators. Underground 
lines require very high quality insulation 
around each conductor, with the insulated con- 
ductors enclosed in a conduit, generally an oil- 
filled pipe. Although great advances have been 
made in insulation, the cost is still high because 
of the exacting work required. The most com- 
mon method used to provide insulation for un- 
derground transmission lines is to wrap each 
conductor with an oil impregnated insulating 
material. 

Problems are also encountered in connections 
between underground lines and substations. Ab- 
rupt insulation changes cause very large concen- 
trated electrical stresses, which can only be elim- 
inated, using currently known techniques, by 
terminating the cable above ground in an ex- 
pensive device known as a “pothead.” The in- 
ternal construction of a pothead is very com- 
plex, both mechanically and electrically. 

Underground lines have the further 
disadvantage of poor accessibility. According to 
the Advisory Committee on Underground 
Transmission in its 1966 report to the Federal 
Power Commission, overhead lines have more 
outages than underground per unit of length 


but the outages are usually shorter in duration. 
Because of the longer repair time for under- 
ground systems, expensive duplicate facilities are 
sometimes installed to reduce the risk of over- 
lapping outages. Overhead lines have greater 
flexibility because connections and repairs are 
relatively simple and they can be converted to 
higher voltage if necessary. Underground sys- 
tems cannot easily be altered. 

On the basis of present technology, it is esti- 
mated that in suburban areas underground lines 
cost on the average about 8-14 times as much as 
overhead lines at 138,000 volts, and about 15 
times as much at 345,000 volts. Because of lower 
rights-of-way costs in rural areas, the comparable 
figures are 10 and 19 times as much, respec- 
tively, for average conditions. The economic 
costs would be higher if existing overhead lines 
are prematurely converted to underground be- 
cause the undepreciated values of the discarded 
facilities must be considered in the analyses. As 
transmission costs represent between 10 and 20 
percent of the costs paid by consumers for elec- 
tricity, the significance of these increases in the 
cost of transmission can be readily understood. 

There are fewer technical problems in under- 
grounding direct current transmission lines than 
are encountered in alternating current systems. 
For example, the charging-current problem does 
not exist with direct current. However, the con- 
version problems discussed previously apply to 
underground as well as overhead direct current 
transmission. 

Research efforts and suggested needs for the 
future are discussed in more detail in chapter 


21, 


Power System Communications 


The increased complexities of power systems 
and extensive coordination of area and regional 
networks have expanded the needs for the relia- 
ble communications necessary for monitoring, 
supervision, and control. Records indicate that 
the annual investment in power system commu- 
nication facilities increased at a rate of about 10 
percent for the years before about 1952, and 
about 15 percent for the years since. A growth 
rate similar to that for the latter period is ex- 
pected for at least the next 15 to 20 years. 

Power system communications involve a wide 
variety of functions and many different types of 
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Figure 13.16—Splicing a 345-kV underground cable. This 
critical operation requires careful control of dust, tem- 
perature, humidity and other conditions in the man- 
hole and other work areas, and takes nearly 200 hours 
for two splicers and their helpers. There are approxi- 
mately 300 splices in the 90 circuit miles of 345-kV 
cable now in operation on the Consolidated Edison 
Company’s system. 


equipment. In addition to the voice communica- 
tion requirements, most systems now utilize 
communication channels to transmit system in- 
formation to central control points; to connect 
supervisory control terminals to their associated 
remote stations; to operate teletype and re- 
lated information transfer facilities; and to facil- 
itate rapid signaling for high-speed protective 
relay applications. Many larger utilities utilize 
sophisticated communication systems in the 
high-speed transfer of data for computer systems 
that perform functions varying from periodic 
monitoring and the annunciation of unusual 
conditions to automatic control of some opera- 
tional functions. There has been an increasing 
trend in the use of digital equipment for both 
data transmission and computation, and a num- 
ber of utilities are now using digital telemeter- 
ing channels to transmit information. 

Utilities use virtually all of the common com- 
munication media, such as wire lines, cables, 
radio, microwave, and carrier-current circuits. 
Carrier-current equipment is usually coupled to 
the power line conductors, and operates in the 
30-200 kilohertz range. In recent years, a num- 
ber of companies have insulated the ground 
wires on high-voltage lines to make them usable 
for communications circuits. The ground wires 
are insulated for flashover at voltages well below 
nominal line voltage so that they can protect 


the primary line conductors against lightning 
discharges. Most utilities also make extensive 
use of mobile radio for communication between 
control centers and operations and maintenance 
personnel. 

A sizeable increase is anticipated in intersys- 
tem communication links, both for exchange of 
information and for the contro] and operation 
of interconnected systems. Improved reliability 
through status monitoring and evaluation, real- 
time or on-line simulation, and control methods 
will require accompanying improvements in 
communication facilities. 


Research and Development Needs 


Satisfactory solutions to the technical prob- 
lems involved in raising ac transmission voltages 
above the 765-kilovolt level now in use for 
overhead circuits, for 345-kilovolt ac now used 
for underground transmission, and for expanded 
use of high voltage dc transmission will require 
additional research and development effort, if 
the industry is to meet the demands of the pub- 
lic for both more electric power and a better en- 
vironment. A discussion of research and devel- 
opment needs related to transmission of electric 
power appears in chapter 21. 


Figure 13.17—The Roosevelt Mountain Microwave Re- 
peater Station, part of TVA’s intrasystem power com- 
munications network. 
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CHAPTER 14 


DISTRIBUTION SYSTEMS 


Introduction 


Electric power distribution facilities are de- 
signed to subdivide bulk power and deliver it at 
suitable voltages to the individual users. They 
include step-down transformers which reduce 
transmission voltages, low voltage primary and 
secondary distribution lines or feeders, customer 
service transformers, and connecting services to 
the customers’ premises. The distribution sys- 
tems account for nearly 40 percent of the total 
investment in electric power facilities. 

In this chapter, attention is given to the prob- 
lems and costs of power distribution to the year 
1990, including the cost impact of increasing use 
of URD (Underground Residential Distribu- 
tion) in new subdivisions, and of placing under- 
ground other new distribution circuit exten- 
sions. A more extensive discussion of distribu- 
tion systems is included in a report to the 
Federal Power Commission on The Distribu- 
tion of Electric Power prepared by The Dis- 
tribution Technical Advisory Committee for the 
National Power Survey. The Committee’s com- 
prehensive report is printed in Part IV of the 
National Power Survey. 


General Considerations 


Most of the physical distribution facilities, 
representing a nationwide investment of about 
$40 billion in 1970, are to provide electric serv- 
ice to the smaller individual users of electric en- 
ergy, namely residential and commercial custom- 
ers. ‘hese two classes of customers accounted 
for about 99 percent of utility customers in 
1970, but only about 50 percent of the electric 
energy sold to ultimate consumers. Many of the 
industrial and other large-use customers receive 
their power at transmission voltage or through 
single-customer substations connected directly to 
the transmission or subtransmission system. 


Average customer cost per kilowatt-hour of 
electricity used is highest for residential service 
and lowest for the large users, principally in- 
dustrial. Any major increase in the cost of distri- 
bution facilities serving the residential customer, 
such as that associated with vastly increased use 
of underground facilities, could enlarge this 
spread. 


Distribution System Loads 


Growth in number of electric customers and 
in average use per customer are the principal 
factors affecting the requirements for new facili- 
ties and additional investments necessary to 
meet future service needs. The total number of 
customers is expected to increase about 50 per- 
cent by 1990 and use per customer is expected 
to increase substantially for each class of service. 
As noted in chapter 3, average industrial use is 
expected to experience nearly a 5.5 fold increase 
from 1965 to 1990, residential use is expected to 
increase from 4,700 kilowatt hours per house- 
hold in 1965 to 15,900 kilowatt hours in 1990, 
and the number of households is expected to in- 
crease from 57.3 million to 92.2 million. Most 
new residential customers are expected to install 
more major appliances initially, and to use 
more energy than the average for all residential 
customers. This expectation is confirmed by the 
data in table 14.1, based on a canvass of utilities 
by the Distribution Technical Advisory Com- 
mittee. 

Data relating to energy use are helpful, but of 
more interest to distribution engineers is the 
rate of use (kilowatt demand), as it is the 
major factor in determining the required capac- 
ity of facilities. Another factor called load den- 
sity, usually expressed in kilowatts per square 
mile, is an important parameter used in deter- 
mining the type and capacity of distribution fa- 
cilities needed for serving a particular area. 
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TABLE 14.1 


Energy Sales Per New Residential Customer, Single-Family and Multi-Family Dwellings 


Class of Customer 


Single-Family Residential 


Smiall= User ee es one oe kee er eee ro eis 


Multi-Family Residential 


Sirall=Wseryers eras cto hoes ee ee eS oe 


Load Densities 


Load density is the product of customer den- 
sity and coincident peak load per customer. 
Customer density is increasing rapidly because 
residential customers are showing an increased 
preference for apartment living. The peak load 
per customer is also increasing even though an 
individual customer may use more electricity in 
a single-family dwelling than in a multi-family 
unit. Another influencing factor is the rapid in- 
crease in use of mobile homes, many of which 
are all-electric and large-use customers. The net 
result is considerably higher load densities in 
urban and suburban areas, which will have an 
influence on the design, economics, and _per- 
formance of future distribution systems. 

Residential customer densities in areas of sin- 
gle-family dwellings vary generally from one to 
eight homes per acre. With low rise multi-family 
buildings, there may be 20 or more family 
dwelling units per acre, and with high-rise 
apartment buildings, 100 or more. 

In the business centers of cities, load densities 
are usually much higher than in predominantly 
residential areas. Densities vary with the sizes of 
business centers, heights and types of the build- 
ings, and other factors. In major metropolitan 
centers, densities of 100,000 to 300,000 kilowatts 
per square mile were typical in 1970, and densi- 
ties of 350,000 to 1,000,000 kilowatts per square 
mile are projected for 1990. 

The forecast of 1990 distribution system loads 
envisions nearly four times the 1970 energy use 
and suggests the magnitude of the task ahead 
for the industry. A very large increase in distri- 
bution system investment will be required. 


Annual kWh Per New Customer 


1965 (Act.) 1970 1980 1990 
Yee 3,900 5,000 7,200 10, 200 
ratte 7,000 8,900 13,200 19,000 
are 16,500 19,900 26 , 600 35, 300 
see 3,000 3,700 5,100 7,100 
ae 5,000 6,000 8, 100 11,600 
‘ 9,700 11,800 15,400 20,400 


Higher distribution voltages will be used, and 
new distribution design concepts will have to be 
developed. New types of equipment, as yet un- 
developed, will be required if low-cost electric 
service is to be. continued. 


Design of Facilities 


Distribution design practices are presently un- 
dergoing changes to meet changing criteria re- 
lated to environmental considerations. Many ex- 
isting overhead distribution lines create a vista 
of unsightly poles with multiple crossarms, nu- 
merous wires, and conspicuous appurtenances 
such as large transformers. When those lines 
were constructed, the criteria for design were 
primarily performance and minimum cost. 
Today, appearance is an important criterion in 
the design of overhead lines. Striking improve- 
ments have been attained through the use of 
new designs, materials, and concepts; however, 
most of these changes increase the costs. The 
methods being used to improve environmental 
conditions are discussed in chapter 12. 


Quality of Service 


Performance of distribution systems and qual- 
ity of the service provided usually are measured 
in terms of freedom from interruptions and 
maintenance of satisfactory voltage levels at the 
customer’s premises. 


Reliability 


It is technically possible today to achieve al- 
most any specified degree of distribution service 
reliability. However, economic factors usually 
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dictate the adoption of a service level that satis- 
factorily meets customer needs. 

The requirements for service reliability vary 
with the nature of the load and the area being 
served. A very high degree of reliability is essen- 
tial for metropolitan downtown areas where a 
service interruption adversely affects large 
groups of individuals and businesses, and where 
continuous operation of elevators and other 
public facilities is essential. Fortunately, the 
load density of such areas is sufficiently high to 
make it economically feasible to provide a very 
high degree of service reliability. A correspond- 
ing level of reliability may not be economically 
justifiable for customers in a low density resi- 
dential or rural area because the hazards of serv- 
ice interruptions are not significant enough to 
justify the higher costs of near perfect service. 

Reliability of service to a particular area can 
be increased by various design and construction 
practices such as supply from more than one 
primary circuit, automatic transfer between 
sources, spot networks, and secondary network 
systems. Other measures to improve reliability 
include adequate maintenance and operating 
practices, such as selective tree trimming, up-to- 
date overcurrent protection schemes, minimum 
line exposure per customer, and conscientious 
efforts to report trouble, damage and interrup- 
tions. 


Most distribution system service interruptions 
are the result of damage from natural elements, 
such as lightning, wind, rain, ice, and animals. 
Other interruptions are attributable to defective 
materials, equipment failures, and man-made ac- 
tions such as vehicles hitting poles, cranes con- 
tacting overhead wires, felling of trees, vandal- 
ism, and excavation equipment damaging 
buried facilities. Some of the most damaging 
and extensive service interruptions on distribu- 
tion systems result from snow or ice storms that 
cause breaking of overhanging trees which in 
turn damage distribution circuits. Hurricanes 
also do widespread damage, and tornadoes are 
even more intensively destructive though gener- 
ally quite localized. In such severe cases, restora- 
tion of service is hampered by the conditions 
causing the damage, and most electric utility sys- 
tems do not have a sufficient number of crews 
with mobile and mechanized equipment to rap- 
idly restore all service when a large geographic 
area is involved. 
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Figure 14.1—Maintenance of overhead distribution sys- 
tems is expedited with truck mounted equipment of 
Public Service Company of New Hampshire. 


It is common practice for a utility to draw on 
other utilities and line construction contractors 
for assistance in such emergencies. Eighty-three 
utilities participate in a mutual assistance roster 
to facilitate placing calls for such assistance. 
This program was initiated and is currently 
maintained by the Mutual Assistance Coordina- 
tion ‘Task Force, an activity of the Edison Elec- 
tric Institute’s Transmission and Distribution 
Committee. Other utilities have formed regional 
groups which have arrangements for mutual as- 
sistance. Experience shows that such assistance 
has been readily and effectively given when 
needed. 


Voltage Control 


Another element of service quality is the re- 
quirement that a distribution system maintain a 
voltage level at each customer’s service entrance 
that is within limits appropriate for his type of 
service. Because of economic considerations, elec- 
tric utilities do not attempt to supply each cus- 
tomer with a constant voltage corresponding ex- 
actly to the nameplate voltage on his utilization 
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equipment. Instead, normal practice is to adhere 
to preferred voltage levels and ranges of 
variation for satisfactory operation of equip- 
ment, as set forth by the American National 
Standards Institute, Inc. Regulatory agencies of 
many states also prescribe voltage limits for var- 
ious classes of electric service. 


Voltage Control Methods 


Voltage is controlled on distribution systems 
in a number of ways. At the substation, the 
voltage may be regulated by transformers that 
are equipped with tap changers that operate au- 
tomatically under load, by regulators and/or ca- 
pacitors that maintain the desired voltage level 
on the substation bus, or by separate regulators 
for each feeder. | 

Voltage regulating devices are designed to 
maintain automatically a predetermined level of 
voltage that would otherwise vary with the load. 
As the load increases, the regulating devices 
boost the voltage at the substation to compen- 
sate for the increased voltage drop in the distri- 
bution feeder. In cases where customers are lo- 
cated at long distances from the substation or 
where voltage drop along the primary circuit is 
high, additional regulators or capacitors, located 
at selected points in the line, provide supple- 
mentary regulation. 

In addition to regulating voltage, capacitors 
in substations and on primary circuits serve the 
further purpose of improving power factors. 
Many of these installations have sophisticated 
controls designed to fulfill either or both pur- 
poses by automatic switching. In some instances, 
automatically switched capacitors have replaced 
conventional step or induction regulators for 
control of voltage on distribution feeders. 

Heat dissipation problems and high cost of 
switching equipment will limit the use of direct 
buried capacitors for voltage regulation on un- 
derground distribution circuits until such time 
as the associated economic and technical prob- 
lems can be overcome. Several test installations 
have been made with good results, indicating 
these problems will be resolved. 


Methods for Improving Service 


It is likely that, in the future, practical means 
will be available to supply remote reading of 
each customer’s meter, and to record remote op- 
eration of distribution line switches over a com- 


mon communication channel. Experimental in- 
stallations and future needs related _ to 
distribution of electric power are discussed in 
chapter 21. 


Quality of Underground Service 


The extensive use of underground distribu- 
tion anticipated in the immediate future may 
produce new service reliability problems unless 
thoroughly tested materials are used. In an ef- 
fort to keep installation costs as low as practica- 
ble and not delay undergrounding of distribu- 
tion facilities, many new concepts are being 
utilized that have not been adequately tested. 
While most of the new concepts and designs 
should provide facilities that operate satisfacto- 
rily, failures may be more numerous than antici- 
pated. 


Distribution Economics 


Since approximately 40 percent of the indus- 
try’s investment is in distribution facilities, 
distribution system costs materially affect what 
the customers pay for electric energy. ‘The po- 
tential impact on costs of possible programs for 
undergrounding distribution system facilities 
and distribution system cost data presented 
herein are for the contiguous United States. No 
attempt has been made to show costs by regions 


Figure 14.2—Installation of overhead distribution systems 
is expedited with truck mounted equipment by North- 
eastern Utilities. 
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or types of ownership. Annual costs are ex- 
pressed in mills per kilowatt-hour, using as a 
base the total kilowatt-hours sold to all electric 
retail customers of the industry. This base in- 
cludes the energy delivered directly, at transmis- 
sion voltage or through single-customer substa- 
tions connected directly to transmission systems, 
to a relatively small number of large-use custom- 
ers. Ihe amount of energy sold to such large 
customers is estimated to be about 25 percent of 
all the energy sold. Consequently, if only the en- 
ergy delivered through distribution systems were 
used as the base, the costs per kilowatt-hour 
would be about one-third higher than those 
used for analytical purposes in the following 
discussion. 


Distribution Costs and Cost Trends 


The total investment in distribution facilities 
in 1968 was estimated to be $35.9 billion, or 
$517 per customer. Annual costs were $6.6 bil- 
lion, equivalent to 5.5 mills per kilowatt-hour 
sold. 

Historical trends show annual increases in 
both the distribution system investment per cus- 
tomer and the distribution operation and main- 
tenance expense per customer. However, because 
kilowatt-hour use increased more rapidly than 
both the investment and operation and mainte- 
nance expenses, the trend of annual distribution 
costs per kilowatt-hour was downward. This 
trend is expected to continue to 1990. There- 
fore, in terms of constant dollars, it is estimated 
that the annual distribution costs per kilowatt- 
hour will decrease to 4.5 mills by that year. 

Trends of distribution costs are influenced by 
a number of factors and it is improbable that 
future costs will follow the trend curves of the 
past. In order to develop forecasts of probable 
future costs levels, it is necessary to examine 
each factor and consider whether its influence 
upon future costs will be similar to its influence 
in the past. 


Factors Tending to Reduce Costs 


Increasing customer densities and larger use 
of energy per customer permit more energy to 
be distributed per mile of distribution line, per 
substation, and per line transformer. ‘The higher 
capacity components, used to transmit the in- 
creased energy, cost less per unit of capacity. 
During the period 1965 to 1990, the number of 


households is expected to increase about 60 per- 
cent and the electric energy used per household 
more than 230 percent. These factors will, there- 
fore, tend to decrease unit distribution costs, al- 
though the magnitude of this influence probably 
will not be as great as in the past. 

Technological progress will also contribute to 
the downward trend of unit distribution costs. 
This should include development of higher ca- 
pacity components, development and _ applica- 
tion of reliable lower cost materials, improve- 
ment in manpower efficiency through automa- 
tion, and optimization of system designs. 

Primary circuit capacities will continue to be 
increased by the use of larger conductors, higher 
power factors, and most importantly, higher pri- 
mary distribution voltages. In combination with 
increased load density, this will permit the use 
of larger, more economical substations, thereby 
reducing substation costs per kWh. These trends 
to lower unit costs are expected to continue but 
they may be approaching a point of diminishing 
return. On some systems, overhead conductor 
sizes are now approaching practical limitations 
and power factors have been raised to near 
unity. As primary circuit voltages are increased, 
the unit costs of line transformers and line 
switching and protective equipment also in- 
crease and tend to limit the overall potential 
savings. 

Other cost-reducing factors include _ better 
communications which improve utilization of 
maintenance crews and equipment, greater 
mechanization of maintenance operations, ex- 
panded use of supervisory control and automa- 
tion, and increased use of computers. ‘These con- 
tribute to more efficient use of engineering, 
construction, maintenance, operation, and cleri- 
cal manpower, and thereby reduce costs. 


Factors Tending fo Increase Costs 


The principal factors that cause increases in 
distribution costs are rising prices of materials 
and labor, increasing standards of service relia- 
bility, increasing cost and difficulty of acquiring 
properly located substation sites, changes neces- 
sary to improve the appearance of distribution 
lines and substations, and added costs of con- 
structing a greater proportion of facilities un- 
derground. 

The greatest single impact on higher costs 
will be the rapidly increasing use of under- 
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ground distribution facilities. The use of such 
facilities to serve new residential and new com- 
mercial developments is fast becoming normal 
practice. 


There are considerable differences in the cur- 
rent ratios of underground to overhead costs 
quoted by electric utilities for construction of 
the same types of lines. These reflect differences 
in local conditions and in undergrounding 
methods and techniques. Although somewhat 
speculative, the distribution Technical Advisory 
Committee estimated the average 1967 ratios of 
underground to overhead investment costs of 
new line extensions, and the probable future 
range of these ratios, are shown in table 14.2. 

Because of very limited operating experience 
with new types of underground lines, it is im- 
possible to make reliable quantitative compari- 
sons of future operation and maintenance ex- 
penses between such systems and equivalent 
overhead systems. Some of the common expenses 
of operating and maintaining overhead systems 
are tree trimming, repairing damage and restor- 
ing service after vehicle collisions, and damages 
caused by snow, ice, wind, and lightning storms. 
These expenses would not normally be incurred 
with underground distribution systems. How- 
ever, underground lines have other expenses re- 
sulting from entrance of moisture, corrosion, in- 
sulation failure, and accidental damage by 
excavation equipment. On the basis of the lim- 
ited experience available, operation and mainte- 


TABLE 14.2 


Average Ratios of Underground to Overhead 
Costs for Extensions 


Probable Range 1980-90 
1967 


Maximum Minimum 


WIRIDE iy perlines! aaa 1.8 hee eS 
Other Types of Lines ?... 5.0 4.0 Bow 
All Lines—Weighted 

ANVETAS Ch ans et kernels 728) Poo Phe 


1URD (Underground Residential Distribution) type 
lines are branch lines serving new residential subdivisions, 
predominantly single phase and with relatively small pri- 
mary conductors. 

* Other types of lines include distribution in new com- 
mercial and industrial developments, and rural areas, and 
main primary circuits of large conductor through residential 
as well as other areas. 


Figure 14.3—Modern equipment such as this cable plow 
speeds installation of direct burial underground distri- 
bution lines. 


nance costs of underground systems are expected 
to be higher than for equivalent overhead sys- 
tems. 

In spite of higher costs, undergrounding 
rather than overhead installations of distribu- 
tion systems is gaining momentum. Declining 
underground-to-overhead cost ratios coupled 
with encouragement, and in many cases require- 
ments, of governmental bodies at all levels will 
accelerate this trend not only for URD, but also 
for extensions of commercial, industrial, some 
rural, and main primary feeder lines. 

The Distribution Technical Advisory Com- 
mittee estimated that about 20 percent of all 
the extensions built in 1968 were placed under- 
ground, and that this percentage would increase 
to 70 percent by 1975 and 90 percent by 1990. 
Even though most new distribution line exten- 
sions are expected to be underground, the total 
mileage of overhead distribution lines to 1990 is 
expected to continue to increase because only 
limited conversions from overhead to under- 
ground are anticipated. 


Effect of Undergrounding on Distribution 
Investment 


Between 1968 and 1990, the estimated addi- 
tional cost required for undergrounding new 
distribution systems will be in the neighborhood - 
of $29 billion, and nearly $20 billion more is ex- 
pected to be expended for undergrounding ex- 
isting overhead lines. The Distribution Commit- 
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tee’s estimates of increases in distribution 
investment in 1980 and 1990, based upon ex- 
pected underground extensions and the cost ra- 
tios given in table 14.2, are shown in table 14.3. 

The effect of underground extensions upon 
the delivered costs of energy in 1980 and 1990 
will depend largely upon the extent to which 
the electric utilities recover the required added 
investments either through contributions in aid 
of construction or by other means. Such contri- 
butions reduce the fixed charges on investment 
because the utility does not need to pay interest 
on the contributed capital and there are no in- 
come taxes associated with it. Thus, the fixed 
charges on contributed capital are limited to de- 
preciation, replacements, insurance, and other 
taxes, and average about four percent per year, 
rather than the overall industry composite of 
13.5 percent that applies to utility capital. Ir- 
respective of how new underground distribution 
is financed, the customer will ultimately pay 
most of the bill. 

The rate of conversions of existing overhead 
to underground will be influenced, in great 
measure, by its cost. Estimating average under- 
ground to overhead cost ratios for conversions is 
subject to the same and some additional diffi- 
culties and uncertainties as for new line exten- 
sions. In general, conversion cost ratios are 
much higher than for new extensions because of 
the unfavorable construction conditions in 
built-up areas. To examine the cost impact of 
undergrounding, the Distribution Committee 
projected conversion costs in terms of ratios to 
the original cost of the lines converted, rather 
than to the cost to build equivalent new over- 
head lines. The Committee concluded that as- 
suming an average age of 15 years for the exist- 
ing overhead distribution lines, with 


construction costs increasing at about 2.4 per- 
cent per year during the 1952-67 period, the 
original cost of existing overhead lines would be 
about 70 percent of the cost to build equivalent 
new lines. Therefore, the ratios based on the 
original assumed cost are about 40 percent 
higher than if the ratios were based on the cost 
of new overhead lines. 

The Distribution Committee’s estimates of ra- 
tios for conversions in 1967 and for the 1980 to 
1990 decade are shown in table 14.4. Different 
future average ratios are indicated for “‘selec- 
tive’ and for “general” conversion programs. 
Selective programs would be largely concen- 
trated in commercial and civic areas, whereas 
general programs would involve an increasing 
percentage of less costly residential area conver- 
sions resulting in lower overall average costs in 
the future. 

Suggestions for complete elimination of over- 
head distribution lines and facilities are voiced 
occasionally with apparently little realization of 
the impact of such a conversion program on 
costs. The Electric Utility Industry ‘Task Force 
on Environment estimated that the cost of con- 
verting all existing overhead distribution to un- 
derground would be in the order of $150 bil- 
lion. This may be compared with the total 
investment in distribution facilities of approxi- 
mately $40 billion in 1970. The Commission’s 
Technical Advisory Committee on Distribution 
estimated that placing 90 percent of all distribu- 
tion underground by 1990 would increase the 
1970-1990 expenditures for distribution systems 
by about $175 billion over the cost of an all 
overhead system. Both the Task Force and the 
Advisory Committee concluded, therefore, that 
the conversion of all existing lines to under- 
ground would be virtually impossible. Much can 


TABLE 14.3 


Effect of Increased Undergrounding of Extensions on Investment 


PdGedsuMCeroroundsl Nn vestment tanita enter na 
Less Overhead Investment Avoided. ..............%..-..- 


INetiIncreasesin Iinvestinent#he as). sstaacnioe clbtiae cttams. « 


Millions of Dollars 


1980 1990 
Maximum Minimum Maximum Minimum 
aes $16,000 $14, 500 $52, 200 $44, 600 
A eee 6, 200 6, 200 19,300 19,300 
BE 4 $9 , 800 $8, 300 $32, 900 $25, 300 


Figure 14.4—The installation of underground distribution 
lines in new suburban developments is now common 
practice. 


be accomplished, however, by selective conver- 
sion of existing overhead distribution lines to 
underground. Both groups recommended that 
effort be directed toward undergrounding cer- 
tain lines as soon as possible in areas of recog- 
nized priority, generally within urban and sub- 
urban areas. A further classification of priorities 
would be helpful in developing the schedule on 
which eventual conversion may be expected. 
Local municipal options and desires will be 
critical. ‘The Working Committee on Utilities 
recommended that the conversion of overhead 
distribution lines be made a national goal and 
assigned an appropriate level of priority among 
other national objectives. 


Those electric utilities which have not already 
done so should establish selective conversion 
programs. One means of assuring the implemen- 
tation of the programs would be to budget a 
fixed percentage of annual revenues for this 
purpose. 

Most of the conversions in the limited pro- 
grams accomplished in recent years have been 
associated with renewal projects in selected 


TABLE 14.4 


Average Ratios of New Underground Cost to 
Original Overhead Cost for Distribution Line 
Conversions 


1980-90 
1967 
Maximum Minimum 

URD'lyperines.. 2). 06 7.0 5.6 +a; 
Other Types of Lines..... 10.0 8.0 6.7 
Weighted Averages 

Selective Programs..... OR 7.8 6.5 

General Programs..... 9.7 6.8 dan 


urban and outlying areas, in growing centers of 
business and shopping where overhead construc- 
tion is visually obtrusive, and in a few residen- 
tial areas where property owners have provided 
the funds for the conversion. It can be expected 
that future conversion programs will continue 
to be related to over-all community improve- 
ments, urban renewal, or street improvement 
programs. Many utilities have, in cooperation 
with municipal or regulatory bodies, developed 
selective programs of conversion to underground 
in congested areas. 

In 1968, Arizona passed a law authorizing the 
establishment of underground conversion service 
areas upon petition of not less than 60 percent 
of the property owners in a particular area 
served by overhead distribution facilities. When 
undergrounding is accomplished, the costs are 
apportioned to all property owners within the 
underground conversion service area. A similar 
law in California permits districts to be formed 
in unincorporated areas for the purpose of con- 
verting overhead electric lines to underground. 
A majority of the votes cast determines whether 
a district shall be formed and a two-thirds af- 
firmative vote is required for the issuance of 
bonds. Once established and funded, all those in 
the district are obligated to pay their share of 
the costs. 

In view of the very large costs required to 
convert overhead distribution to underground, 
the Electric Utility Industry ‘Task Force on En- 
vironment concluded that in order to establish 
an effective conversion program, Federal finan- 
cial assistance would be necessary. It considered 
two types of Federal assistance: tax incentives, 
and grants-in-aid to cities and other public juris- 
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dictions. The Task Force favored Federal 
grants-in-aid. The Working Committee on Utili- 
ties expressed the view that tax incentives, 
grants-in-aid, and regulatory rate-making tech- 
niques should be considered as complementary 
means to encourage conversions. 


The Department of Housing and Urban De- 
velopment has a number of programs that have 
included or could include grants for under- 
grounding and conversion of existing overhead 
facilities to underground, but the amounts of 
money available for such uses are small. 
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CHAPTER 15 


UTILITY PRACTICES AFFECTING RELIABILITY OF SUPPLY 


Introduction 


In the Commission’s report on the Prevention 
of Power Failures, issued in July 1967, a num- 
ber of reliability characteristics of United States 
power systems were reviewed. The information 
collected at that time indicated that many utili- 
ties had plans for improving system reliability 
but that few had actually accomplished all of 
the measures which were deemed desirable. Sub- 
sequently, much has been done to improve relia- 
bility, as shown by the following summaries and 
evaluations. 

Both the Commission and its Advisory Com- 
mittee on the Reliability of Electric Bulk Power 
Supply, which assisted in preparing the 1967 
report, recommended the formation of regional 
and national coordinating councils to promote 
regional bulk power system reliability and coor- 
dinating councils to promote regional bulk 
power system reliability and adequacy. The re- 
gional councils have been formed and are oper- 
ating under the guidance of the National Elec- 
tric Reliability Council (NERC).1 In 1969 
NERC’s Technical Advisory Committee (TAC) 
conducted a questionnaire-type survey of the de- 
sign, operation, and maintenance practices of in- 
dividual systems and regions that affect bulk 
power supply reliability. The survey covered a 
total of 147 major United States utilities, consti- 
tuting approximately 90 percent of the total 
generating capacity of the United States and, 
therefore, reflected the reliability practices 
which affect most utility customers throughout 
the Nation. 

The information presented in this chapter is 
taken principally from the NERC-TAC survey, 
and is based on the reliability practices as of 


1 The Councils are listed and their history is discussed 
in chapter 17. 


that time. General information on the systems 
covered in the NERC-TAC survey is shown in 
table 15.1. 


System Planning and Operation 


Contingency Tests 


Contingency tests, which are simulations made 
on computers, identify a system’s reaction to se- 
lected credible emergency conditions. If the 
studies forecast system instability under specified 
conditions, plans or designs are changed to elim- 
inate the problem. 

Most of the regional councils have established 
criteria for testing bulk power systems, and the 
others are in the process of doing so, but identi- 
cal guides will not necessarily be developed for 
all regions. Variations in test methods can exist 
and still provide system planners with informa- 
tion adequate to design systems of high reliabil- 
ity. Even if regions adopt uniform test proce- 
dures, some individual systems will need to 
apply other tests unique to their particular situ- 
ations. 


TABLE 15.1 


Selected 1968 System Data for 147 Utilities 
Responding to Advisory Committee Ques- 
tionnaire 


@apacityzohlarcest system nee seri 18,095 MW 
Peak demand of largest system............ 15,266 MW 
Bargestithermal plant s55 554. ts ati ee 1,978 MW 
Wargestithermal sunt ern crate orate 995 MW 
Earges@hydroyplant set chien errr 2,400 MW 
Margestuhydrowunit.. nae - sae snas en ese 175 MW 


Sum of generating capacities of 147 systems.. 245,665 MW 
Sum of nonsimultaneous peak demands of 

I ENRatekls ak a. clo cain a Gro. 0 BOD. 01-0010 © 238,838 MW 
Nonsimultaneous peak occurring in summer. 62 % 
Nonsimultaneous peak occurring in winter. . 38 % 
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Reported data relating to contingency tests 
were examined for similarities, and table 15.2 
was prepared to summarize emergencies assumed 
in appraising system performance, more or less 
in descending order of probability and ascending 
order of severity. Most systems design to meet 
the first three or four single contingencies listed 
in table 15.2 without suffering thermal overload 
or instability, and to withstand any of the con- 
tingencies without widespread cascading. 


Transient stability studies are extremely com- 
plex, but such tests have assumed greater multi- 
system importance with the installation of larger 
generating units and higher-capacity transmis- 
sion lines. Many systems make a series of stabil- 
ity studies assuming singly or in various com- 
binations such contingencies as a_ three-phase 
short circuit, loss of an entire plant, loss of 
multiple transmission circuits, or loss of an 
entire switching station, together with such op- 
erational contingencies as time-delay fault clear- 


ing, instantaneous clearing with automatic re- 


closing into a permanent fault, or an inoperative 
circuit breaker with clearing by backup facilities. 


The majority of systems design their facilities 
to survive a three-phase fault cleared by primary 
relaying without developing system instability. 
Such faults are relatively rare, and this capabil- 
ity illustrates the high order of reliability that 
normally is designed into modern power sys- 
tems. 


Long-Range Planning Studies 


In recent years, individual systems have ex- 
tended the time periods covered by their long- 
range planning studies for bulk power system 


TABLE 15.2 


Contingency Tests 


Contingency Outage Tested Percent of Systems 


Using Test 
Pr generators .\.: 64a. Canam arses 56 
Treiecults: L230. ars en eee 76 
1 generator and | circuit......... 40 
ZESENELALOTS. 14 yaN oe eee 37 
ZY CEPCULES 1 SEieh.: 9 SRS ta ee 37 
Double circuit tawerssane eee 34 
Right-of-way corridor............ 38) 
Complete transmission substation. . 25 
Complete generator plant......... 35 


expansion because of the increasingly longer 
lead times required for installation of generat- 
ing units and transmission lines, as discussed in 
the following sections and in chapter 16. 

The advent of regional coordinating groups 
has not reduced the responsibilities of each indi- 
vidual system to conduct long-range planning 
studies for its own facilities. The regional orga- 
nization’s function is primarily to review these 
individual system plans for their effect on the 
reliability of the region and, when needed to in- 
itiate more comprehensive studies to assure that 
all plans, singly and combined, meet the relia- 
bility criteria of the region. Longer-range simu- 
lation studies are used to identify needs for 
future generation, transmission, and intercon- 
nection facilities. 

Table 15.3 summarizes 1969 practices with re- 
spect to planning periods. The data, taken from 
reports of 135 systems, indicate the popularity 
of studies covering a six— to ten-year range. 
This reflects the fact that decisions for bulk 
power system additions must be made within 
about this time interval. The ten-year study pe- 
riod is also used frequently to evaluate alterna- 
tive plans for economic studies. Every year, pur- 
suant to FPC Order No. 383, all reliability 
councils report their plans for a ten-year period. 

It is encouraging to note that a substantial 
number of the systems conduct studies for pe- 
riods from 16 to 20 years in the future. It is in- 
creasingly apparent that new plant sites and 
line rights-of-way must be identified much ear- 
lier than generally has been done heretofore if 


Figure 15.1—Data processing centers such as this one 
owned by Wisconsin Public Service Corporation are 
used by most electric utilities. 
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TABLE 15.3 


Long-Range Planning Studies 


Planning Period Percent of Systems 


Wipitosopyears.a4 5s -eras ci  irhgele' 8 
Gatonl Ofvears nae n.is.t ites tus tees 59 
DEB OO MV CALS 2 ore aah are osSnone 5. ote 0s 

LOMO ZO Nv ears-h 34 oy. Stlisia s.ettevaun 4 21 


NEL OR2 OLV.CALS Babecrticgthind gs ois aris sus 


the local problems are to be resolved so that 
construction can be completed in time to meet 
requirements of growing power system loads. 


Lead Time for New Generating Units 


Lead time in the delivery of ordered equip- 
ment has a direct relationship to system reliabil- 
ity, since delays in installation could mean inad- 
equate spinning reserves or deficiencies in other 
items vital to the security of system operation. 
Lead time is dependent upon many factors, in- 
cluding public needs, attitudes, and desires; ap- 
provals by regulatory bodies; backlog of manu- 
facturers’ orders; and construction manpower 
problems.t Other more technical factors which 
affect lead time include unit size; whether the 
boiler, turbine, and generator are of an estab- 
lished or relatively new design; the type of tur- 
bine and generating equipment; and whether 
the unit is the first at a new plant site or an ad- 
dition to an existing plant. Inadequate quality 
contro] in manufacturing and installation has 
also become a significant factor in the delays in 
achieving commercial operation of new equip- 
ment. 

Although construction lead time allowances of 
approximately four years for large fossil-fired 
units have been satisfactory in the past, current 
experience indicates that lead times for all types 
of large steam-electric units are stretching into 
the six to eight year range. Utilities generally 
recognize these new conditions, but many cur- 
rently authorized units were planned before the 
need for longer lead time became apparent, and 
delays of in-service dates of one to three years 
beyond those originally scheduled are common- 
place. Significant delays may occur either before 
or after the major construction period. ‘The early 
delays usually involve problems of public ac- 


1 Chapter 16 treats the delay problem in more detail. 


ceptance and regulatory clearance. The same 
problems may cause the later delays but more 
often terminal delays involve technical or phy- 
sical problems with equipment. 

In any case, the longer lead time is expensive 
for the consumer who must ultimately pay the 
bill. For example, if it is assumed that the in- 
vestment in a $100 million installation is uni- 
formly spread over a four-year period, the inter- 
est during construction at 7-14 percent per year 
is approximately $15,000,000. If the same 
investment is spread over eight years, the inter- 
est during the nonproduction period amounts to 
$30,000,000. Inflation, additional overhead, and 
other items such as heavy penalties in terms of 
charges for replacement energy and capacity also 
add costs as the lead time is extended. Delays for 
any reason are expensive; for a 1,000-megawatt 
plant they will normally cost more than a mil- 
lion dollars per month. Delays are also expen- 
sive in terms of technology. In periods of rapid 
technological change like those of the 1960’s, and 
probably the 1970's, and particularly in the early 
years of use of new concepts such as nuclear 
generation, a plant which was designed greatly 
in advance of the date of commercial operation 
will not have incorporated in its construction 
many design improvements that are available by 
the time it is permitted to begin operation. In 
such case, time-consuming and expensive backfit- 
ting may be necessary or desirable. 


Lead Time for New EHV Transmission Lines 


One of the basic means of improving reliabil- 
ity and reducing the likelihood of area-wide 
power failures has been the strengthening of in- 
terconnections to permit adequate flow of power 
among neighboring systems. System design and 
operating practices have necessarily been modi- 
fied to reflect this interdependence. Along with 
the expansion of interconnections, there has been 
the installation of larger generating units and 
higher voltage transmission lines with greater 
transfer capabilities, all of which contribute to 
increased economies and improved reliability of 
interconnected system. 

In order to attain a high degree of reliability, 
it is essential that the important system ele- 
ments, such as EHV transmission lines, be com- 
pleted when they are needed. The causes of 
transmission line delays are primarily related to 
acquisition of rights-of-way, environmental ques- 
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tions, and regulatory approvals. No systems re- 
ported delays because of equipment delivery or 
installation problems. 

Increasing difficulties in obtaining rights-of- 
way, especially for EHV lines, are not unique to 
heavily populated areas. Difficulties have been 
experienced in less densely populated areas, par- 
ticularly when proposed routes were near park 
lands, historic sites, or other areas of special sce- 
nic or recreational interest. Delays are generally 
related to environmental factors rather than 
rights-of-way price negotiations or other eco- 
nomic considerations. 

Most systems reported that delays in placing 
transmission lines in service on schedule re- 
sulted in some degradation of reliability of serv- 
ice to customers, as vividly illustrated by past 
area power failures and more recently, by area 
load curtailments involving transmission system 
inadequacies. The desirability of minimizing in- 
trusion on the environment and the need to uti- 
lize rights-of-way fully are apparent, but achiev- 
ing these goals must be reconciled with the 
hazards which can result from either inadequate 
transmission or excessive concentration of criti- 
cal circuits and the resultant increased exposure 
of systems to losses of large blocks of generating 
capacity. Continual efforts must be made to re- 
solve these incompatible factors in the develop- 
ment of reliable transmission systems. 


Communication Facilities 


The need for adequate primary and alterna- 
tive communication facilities between control 
centers and other important operating points of 
power systems is universally recognized. The 
more frequently utilized channels between con- 
trol centers and major generating plants and 
switching centers are dedicated dispatch tele- 
phone circuits, independent teletype circuits, mi- 
crowave radio, power line carrier, and mobile 
radio. About 98 percent of the major utilities 
have at least two independent communication 
systems. Communication channels between area 
contro] centers and regional coordination cen- 
ters include principally teletype and local or 
long-distance telephone circuits, many of which 
are not integral to PBX equipment of power 
systems. About 70 percent of the reporting utili- 
ties have independent backup for the primary 
channels. 


Attended or Remotely Controlled Substations 


More than 60 percent of bulk power system 
substations are either attended or remotely con- 
trolled. Most of the other substations have auto- 
matic switching facilities designed to assure a re- 
liable bulk power supply. Table 15.4 summarizes 
the response to this part of the questionnaire. 


Emergency Power Sources for 
Control Centers 


During the 1965 Northeast power failure, 
many system operations were severely hampered 
by the failure of power supplies providing essen- 
tial services to control centers. Approximately 
98 percent of the reporting systems now have 
emergency power sources to provide these serv- 
ices. Most utility systems conduct periodic start- 
ing tests to assure availability of these emer- 
gency power sources in the event they are 
needed. 


Automatic Load Shedding 


As late as mid-1967, relatively few electric 
utility systems utilized automatic load shedding 
to any significant extent, although earlier inter- 
ruptions had indicated the probable usefulness 
of automatic load shedding in case of severe sys- 
tem disturbances causing subnormal frequencies, 
and the Commission had encouraged greater 
consideration of this means of protection against 
system collapse. 

By 1970, the concept of automatic load shed- 
ding had gained relatively universal acceptance, 


TABLE 15.4 


Attended or Remotely Controlled Bulk Power 
System Substations 


Percent of Substations - Reporting Systems 
Attended or Remotely Controlled — 


Number Percent 

GO=100Ke Fee emi ee eines 94 64 
BO=89 seas Ne erecta selene ner mre 8 6 
FORT Oe hovers ASR + TR 6 4 
60569 es eee at Cee eee 5 3 
50-59 ere aces set ee Cee 5 3 
4Q=49 Fs RE, Seed pk eel ciate teteg Tene 3 2 
30=39 Peer ca ee patcaen che ae 3 2 
20=290 SRT: ASR, SA eT Peer gee 7 4 
LOS) 9: a een SRA eon cae = ee 4 3 

0-9 atl hs Bio ene ae eee 8 6 
INojbulkistations= ares nee ae 3 
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and 89 percent of the major United States sys- 
tems had automatic load shedding facilities in 
operation or being installed. Although there are 
no universally used frequency set points at 
which automatic load shedding is initiated, the 
great majority of the systems do not initiate ac- 
tion until the frequency falls to 59.3 H,. Gener- 
ally, two- or three-step load-shedding plans are 
utilized, with the final step at 58.3 or 58.5 Hz. A 
few predominantly steam systems use more than 
three steps because of particular system security 
requirements. Predominantly hydro generating 
systems often utilize plans incorporating more 
than three steps, since hydro equipment is bet- 
ter able to sustain operation at lower frequency. 
The lower steps of these latter plans are in the 
range of 57.0 to 57.5 H,. The blocks of load 
shedding at the higher frequency setpoints are 
usually smaller than in steam generation systems 
and larger blocks are shed at the lower fre- 
quency setpoints. 

Load shedding is generally accomplished in 
blocks of 6 to 10 percent of system load. The 
total magnitude of load shedding generally var- 
ies between 25 percent and 35 percent of system 
load, although a number of predominantly 
hydro systems are capable of shedding considera- 
bly more. A brief summary of the status of auto- 
matic load shedding as reported in the NERC 
Survey for 147 systems is given in table 15.5. 

The 45 reported occasions (a number of 
which are known to have been simultaneous) 
when systems experienced automatic load shed- 
ding do not indicate that the individual systems 
or groups of interconnected systems were inher- 
ently unreliable. On the contrary, the fact that 
only a few systems in the several regions experi- 
enced such events indicates that automatic load 
shedding is an emergency operating measure 
which limits or contains the area of potential 
cascading effect. 

Some of the circumstances that have led to 
automatic load shedding include severe weather 
conditions, equipment failure, and human error. 
With limited exceptions, the areas affected and 
the magnitudes of load shedding were relatively 
small in comparison to total system demands 
immediately prior to the occurrences. 

Several regions currently have fully coordi- 
nated automatic load-shedding plans in opera- 
tion. Most other regions have adopted criteria 
for such plans, although the plans may not yet 


TABLE 15.5 


Automatic Load Shedding 1969 


Load Shedding Plans Number of 
Systems 
Automatic load shedding in service......... 122 
Automatic load shedding currently being 
installediten jee cee ee tia wee at eee 9 
Number of steps in automatic load-shedding 
plans: 
Dialed, 2 orcs Gran op ae cea Cs aon, aig Cee aoe 7 
DW Sesteicla ps hele ins Ses SBS uals: Olavscotmrnes et 21 
SBATee niraste pe suerte tenes cto ene encnry seen te the 74 
Morenthan threeserr ermine ieee 20 
Percent of load shedding at the following frequencies: 
Above 59.3 Hz. 
Oy cine ae orais Pea er ae 2 
Gal OP ee ascot sossvaln sucka ins ee Sieroter es anete e 4 
1 Up ienstte ee. 24. A cee ee 2 
59.3 Hz. 
OSS: LA eeedt es: Aue cilyekne HAE. 11 
G= LOS where stats thsi ois Siena natts gles: 67 
NA TRB ore Corea een enero ee Mieerrnc eee 9 
SEI 1s bz. 
(eon Siero cits ORO CN a rained Meee 1 
(re Obs re taal ta sta DA A ea imma A 4 
PL SU pir eecterens ceopeciottae an te cei areca 2 
SORE Zz: 
O=- 5 tecrnc = ottvare the reece erate were eens 7 
G21 Otte Free meee cise atetaes 50 
LU pst evden actus ote acai 14 
58.9 Hz. 
OS OTR INAS Risen: PRs, ME SEN cor Pore gras 2 
GeLO wieyide!s ae. cote aiecusuegs > smicrans ers 23 
DS U pe rage tieice eu aiwagronsys thie atedngsh ss ays 4 
Beli! Lal, 
O=Ou etic nea es bOe es ee aaa Bee See 7 
G10 eros 1h ten eee ews noni ates eh ae 40 
Ll UU pwriet as Waeitak terasiclse acer adres 16 
58.5 Hz 
Ven Io ts cc HE OEE h ORAS Oe chbhcaee adoro ote 6 
=] Opn arestis sekebaius. feu. Su deenowt tote 34 
LUD gus caveisie © aes easkoee Perec Aa Gr ans 6 11 
58.3 Hz. 
LO rato th cites city alla ces) Me ne oe RP ORT POE 0 
GAN O cactaye tots eae te rete eta we Rance, WM & agli ches 6 
PIO poetic eee rier: etre erties ees ier enc 2 
Below 58.3 Hz. 
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Ll aU pe ee haem nus eis coke cueeess 16 
Systems which had experienced automatic 
loadisheddinge a5 saradstoria = sites Aes 32 
Number of automatic load-shedding occasions. 45 
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be fully operative. It is also apparent that a 
number of adjacent regions have, to some ex- 
tent, coordinated their automatic load-shedding 
plans. 


Interruptible Loads 


About one-third of the reporting systems have 
contracts which provide for interrupting selected 
loads with little or no prior notice. Such loads 
can serve as an alternative to operating reserve 
generating capacity. The customer inducement 
for using this type of service is a rate schedule 
that provides power at reduced prices. Over half 
of the systems serving interruptible loads have 
less than 2 percent of their total demand in this 
type of load. Only six systems had contractual 
interruptible loads greater than 10 percent of 
their total demands, and the largest amount re- 
ported by any system was 19 percent. 

The merits and values of interruptible loads 
in terms of reliability are dependent upon the 
speed at which loads can be reduced. For use as 
a daily operating reserve, short-time interrupti- 
bles may provide capability at a faster rate than 
can be obtained by bringing up unloaded capac- 
ity or placing other capacity on line. Interrupti- 


ble loads that require notice well in advance are 
not useful for immediate emergencies, but they 
can serve to make extra capacity available for 
firm loads during peak demand periods. 

Interruptible service is not attractive to most 
power system customers, and many industrial 
processes do not lend themselves to interruptible 
services. Others who may not suffer substantial 
direct losses from power curtailments may find 
that savings attributed to lower electric rates do 
not always offset the expenses from loss of pro- 
duction and loss of labor during periods of cur- 
tailment. In some instances, however, such servy- 
ice at lower rates is attractive to particular 
industrial customers. 

Table 15.6 shows the extent of interruptible 
loads reported by utilities in each of the Na- 
tional Electric Reliability Council areas. 


Voltage Reductions 


Although the Commission does not look fa- 
vorably upon the use of voltage reduction as an 
ordinary operating procedure, it does recognize 
its usefulness where it can be employed as a 
temporary load reduction measure under emer- 
gency conditions of deficiencies in generating ca- 


TABLE 15.6 


Interruptible Loads ' 


Reliability 
Area ? 


Number of Utilities 


By Percent of 1968 Peak Demand that was Interruptible 


1 For 147 utilities surveyed. 


0% 1-2% 3-1% 8-10% 11-19% 
11 4 Say sth: aka’ 1 
PENIS, WER CC 

6 De re Toa. tgenh ge 

8 a Yo ee eae 
17 AEM, cae, . oe 
16 Bo tcrndy Mie eter 
4 4 1 1 1 
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14 4 gULv Ieee 4 
100 28 11 2 6 


* The Reliability Area abbreviations used are as follows: ECAR—East Central Area Coordination Agreement; ERCOT 
—Electric Reliability Council of Texas; MAAC—Mid-Atlantic Area Coordination Group; MAIN—Mid-America Interpool 
Network; MARCA—Mid-Continent Area Reliability Coordination Agreement; NPCC—Northeast Power Coordinating 
Council; SERC—Southeastern Electric Reliability Council; SWPP—Southwest Power Pool; and WSCC—Western Systems 
Coordinating Council. 

3 Originally known as TIS (Texas Interconnected Systems). 

‘ Data for the Southeastern Electric Reliability Council (SERC) were reported by the independent members of NERC 
that have since organized SERC. 
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pacity. Significant reductions in delivery voltages 
frequently lead to customer dissatisfaction. 

The ability to reduce voltage varies considera- 
bly from system to system. Voltage can be 
reduced more easily and effectively in limited 
geographical areas of high-load density. In the 
majority of cases, voltage reduction requires the 
dispatching of personnel to substations al- 
though some systems employ supervisory control 
equipment to perform the required functions. 
There are a few area-wide radio controlled vol- 
tage management systems in the United States. 

Voltage should be reduced only when abnor- 
mal operating conditions within a total system 
or region cause a seriously low level of generat- 
ing reserve. These conditions include multiple 
outages of generating capacity, limitations of 
transmission capability, and higher than antici- 
pated demand due to weather sensitive loads. 
Generally, voltage levels are reduced 3 to 5 per- 
cent, but in some cases an 8 percent reduction is 
utilized. The load-limiting effect of voltage re- 
duction is difficult to determine. During summer 
months, load reductions from 1% to 1 percent 
are reported to have been obtained from each 
percent of voltage reductions. During winter 
months, slightly greater reductions in load are 
obtained from the same decreases in voltage. 

The Commission believes that voltage reduc- 
tion should not be considered as a substitute for 
adequate reserve capacity, and that reductions 
of more than 5 percent should be avoided ex- 
cept in extreme emergency. 

The number of systems employing voltage re- 
duction procedures and the number of days 
from January 1, 1968, to about December 1969 
that such measures were used are shown in 
table 15.7. 


Reserve Practices 


Individual systems and power pools utilize a 
variety of methods for determining appropriate 
reserve levels. The methods vary from use of a 
simple percent of peak load, to matching re- 
serves to the capability of the largest unit or 
pair of units in service, to very complicated cal- 
culations of outage probability taking into con- 
sideration such elements as number and size of 
units, forced outage rates, and expected load 
patterns. Reserve margins considered adequate 
for most systems, including the spinning reserve 


TABLE 15.7 


Voltage Reductions January 1968 to 
December 1969! 


Number of Days Voltage Number of 
Reduction Invoked Systems 
La ee ean SES ne a ne ete eA fo 2 
Pai PRG bela a Rentini Ao ai Sa ah ei aca, Me ee 3 
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NEDO) Se oh Ret Some ot Rae en cee A Ree ae en Re ae 2 
Di SOs Re, Cea nas ee Ts eet ee 11 
ATES ONAL Aa asteee vik: Sree acta aris 6 attend 4 
uli OO ee ie ae ae A a coe Msiorens cS ou Sark gh Gu 2 


1 For 147 systems surveyed. 


component, range between 15 and 25 percent of 
peak load. 

Each system, pool, or coordinating group de- 
velops spinning reserve criteria which it believes 
will show the minimum appropriate reserve for 
that particular power supply entity. Generally, 
the level of such reserve and its distribution 
among generating units takes into consideration 
the system characteristics and rate of required 
responses. The variations in practices reflect 
such things as differences in sizes and types of 
units, the number and capability of transmission 
interconnections, the geographical extent and 
configuration of a system, and pertinent operat- 
ing agreements among interconnected systems. 


Generation 


It is essential to be able to shut down generat- 
ing units safely during emergencies, or to pro- 
vide facilities to enable their isolation on local 
loads or plant auxiliaries for short periods dur- 
ing an emergency so the units can remain in 
service and be immediately available to pick up 
loads. Isolation involves complex factors, such as 
the characteristics of system loads; area and geo- 
graphic configuration of the system; location of 
generation plants with respect to load centers; 
boiler design characteristics; and the complexity 
of switching arrangements required to effect 
unit isolation. 

The steam-electric generating capacity which 
can be isolated on local loads or unit auxiliaries 


I-15-7 


varies among the regional coordinating groups 
from approximately 2 percent to 100 percent of 
total capacity. These percentages alone do not 
indicate whether power systems are prepared to 
pick up load rapidly following correction of a 
power failure problem. More important is the 
ability to shut down safely and then restart the 
generating units in the event of complete loss of 
external ac service. More than 95 percent of 
steam-electric generating capacity in major 
plants is equipped for shutdown without dam- 
age to units in the event of loss of system 
power. 

Safe shutdown and restart capability is often 
provided by the installation of on-site auxiliary 
generating facilities, such as gas turbines or in- 
ternal combustion engines. Natural draft boil- 
ers, although not frequently used in modern 
power plants, and battery-operated pump equip- 
ment facilitate safe shutdown capability to a 
greater degree than some other designs. 

A summary of the survey reports on safe shut- 
down and isolations of steam electric plants is 
given in table 15.8. 

Between 49 and 99 percent of the total on-site 
emergency generating capacity in various re- 
gions is also used for peaking purposes. Emer- 
gency generating capacity is predominantly of 
the gas turbine type, usually because of its adapt- 
ability for peaking purposes and because of the 
larger ratings of such equipment in comparison 
to internal combustion engine units. 

Hydroelectric generation may also be utilized 


in many instances for both startup power and 
peaking purposes. Regions having hydroelectric 
capacity frequently depend upon switching pro- 
cedures to provide off-site startup power rather 
than providing on-site auxiliary combustion-type 
generation. 

Table 15.9 shows, for the same generating ca- 
pacity listed in table 15.8, the percentages of ca- 
pacity with on-site emergency startup arrange- 
ments, the percent of the startup capacity which 
is used also for peaking purposes, and the 
percent of capacity for which there are specific 
switching facilities to provide use of off-site 
hydro or peaking plants as sources of startup 
power. It is recognized also that interregional as- 
sistance would be valuable in the prompt re- 
starting of generation in an emergency. 


Planned Separation of Generators in 
System Emergencies 


During emergencies, separation of generators 
from the system may be necessary to prevent 
damage which might result from low frequency 
operation. Furthermore, isolation of generation 
at times of an imminent collapse of a genera- 
tion-deficient island area may often expedite sys- 
tem restoration. 

A general determination as to whether units 
are to be separated from the system is usually 
made before a subnormal frequency condition is 
encountered and takes into consideration manu- 
facturers’ recommendations related to turbine 
blading and other specific machine characteris- 


TABLE 15.8 


Safe Shutdown and Isolation Arrangements for Steam-Electric Plants, 1969 


Reliability Total No. Total No. Total MW % Capability % Capability 
Region 1 of Plants of Units Capacity Arranged for Arranged for 

Safe Shutdown Isolation 
EGAR a3 sig oe eee rone 106 421 42,554 98.0 73.6 
ERGOT. ccm eer: 48 154 16,937 haw 86.3 
MCACA Ch eer ook ota oc icra ae 217 19,806 100.0 27.0 
MATIN Fee ee een eee 5S 199 20,673 97.2 26.8 
IMLAR GA Fae Siete cetera 89 264 8,553 99.6 80.5 
NPC Cine ard Get oor 79 302 24,748 98.0 39.4 
SWPP a 2.58, Ace cee one een 76 243 19,505 97 .4 89.8 
SER Cite Sateen eee as 87 298 46 , 028 100.0 61.6 
WSCC fir ee ee ee 60 208 23, 298 96.7 96.7 
Total or averagénssc ss. 651 2,306 222,102 98 .3 63.8 


1 See footnotes on table 15.6 for abbreviations and organizational changes since survey data were collected. 
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Figure 15.2—The control room for Dairyland Power Co- 
operative’s 350-megawatt Genoa No. 3 plant. 


tics. The final decision in most cases, however, is 
made by the plant or unit operator at the time 
a system disturbance occurs. 

Approximately 94 percent of the reporting 
systems indicated they have plans for generator 
separation under subnormal frequency condi- 
tions. Fourteen percent of the systems use auto- 
matic controls for separation, and the most com- 
monly used set points for this action are 58.5 
and 58.0 H,. These same frequencies are also 


TABLE 15.9 


Emergency Startup Power for Steam-Electric 
Plants, 1969 


Percent 
of Capacity 
Percent Percent with 
Reliability of Capacity of On-Site Switching 
Region ! with On-Site Startup for Startup 
Startup also used from Off-Site 
for Peaking Hydro or 
Combustion 
Plants 
ECAR eaten 36.0 76.5 27.0 
ERCOD 2... pias 45.4 62.2 17.4 
MAAC......... 82.3 98 .4 33.0 
MATN itera cose 44.3 Usd 2263 
MARCA....... 13.1 49.6 42.2 
NPCG eer es 69.7 93 .4 39.9 
SER C2 oni ae 27.4 83.2 D2no 
SWPP. eee 29.2 82.2 PRR A 
WSCC. _..... 12.0 99.2 83a7 
SVetay ean 40.1 84.9 Bh) 574 


1 See footnotes on table 15.6 for abbreviations and organi- 
zational changes since survey data were collected. 


the ones most commonly specified in instruc- 
tions to operators for initiation of manual sepa- 
rations. The information reported is summa- 
rized in table 15.10. 

Six systems of 121 responding have installed 
oversized auxiliaries or other special features to 
permit some units to operate during emergen- 
cies at frequencies less than 60 Hy. 


Turbine Generator Maintenance Practices 


Steam-turbines generally receive a_ careful 
inspection and overhaul about the end of the 
first year of operation to check compliance with 
manufacturers’ warranties. Normal maintenance 
schedules then date from that time, with most 
systems scheduling major overhauls at intervals 
of four years, or more. 

Reported information on _ turbine-generator 
maintenance schedules is summarized in table 
15.11; 


TABLE 15.10 


Generator Separation Plans 


Number of Companies 


Reliability 
Region! Operator Automatic Not No 
Action Device Designated Plan 

ECAR a. a. 16 l 2 aru eeaeete suet 
ERCOT iS gies 8 SMG? 4 Se eee ici oic OBIS 0.6. OO RE 
MAAC..... 6 PICT ad Say Re te AoE Se 
MAIN..... 10 Lee oe 
MARCA 14 + 1 2 
NPCGH. 1 ba sii Ce Re OR on a be eR 
SERG? 3 cc Okey sche: 1 1 

SWEEP eer 13 SH Saseabame 
WSCC..... 6 4 4 3 
otal sere 100 18 8 8 

Separation By Operator or By Automatic 
Frequency not designated Device 

GOL0=59'O pecan vette ior eae 1 
HO,9 DG: O mesereutaant: 52 10 
SHG 5710 era ots: 16 + 
TEC SS OH OF LSS 5 aicnecBiny Ged Rael bo GR Cla he kee aan ae 
ne} ola Oem ates Pee et aly ata o Bac cere 3 
Not specified........ AA) rea aie lose eneleuarsia 6 
LotaleseQaenta: 108 18 


1 See footnotes on table 15.6 for abbreviations and organi- 
zational changes since survey data were collected. 
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Figure 15.3—The turbine low pressure spindle and blading of Unit No. 3 at Florida Power Corporation’s P. L. Bartow 
plant undergoing inspection and maintenance. 


Bulk Power Transmission 


Maintenance Schedules for Transmission 
Facilities 


The frequency of transmission equipment 
inspections and maintenance is only a partial 
criterion by which to measure potential trans- 
mission reliability, but the general interest in 
system maintenance schedules 
prompted the NERC Committee to survey in- 
dustry practices in this field. Maintenance sched- 
ules vary among systems because of differences 


transmission 


in both the manufacturers’ recommendations 
and, more importantly, in operating experiences 
with particular pieces of equipment. General 
practices are summarized in table 15.12. 


Helicopters and fixed-wing aircraft have 
proven to be valuable aids in patrolling trans- 
mission circuits, as shown in figure 15.4. In ad- 
dition to usual inspections from the air, many 
systems are using infrared detection-type equip- 
ment to check the operating conditions of con- 
ductors and connectors. Generally, such inspec- 


tions are scheduled for lines in high-load-growth 
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TABLE 15.11 


Turbine-Generator Maintenance Schedules 


Major maintenance inspections of 
steam turbines: 


AGVCATS OUANOLE ee acres ies 
Not scheduled 4.0 Fos 6 dee ae las 


Dielectric tests on generator windings: 


BIN CATSHOLATIIOLE ole e 1 cuels 9) 5-4/0 eye) 2) sa 
NOL SO EC WUE, oqo ciara on a.cratornic 


Performance tests on generator auto- 
matic voltage regulators: 

WinderplSycar tras ct eet eile 6 scl: 

US year sie tence tere Sa ore ke Ok cadabele 


Number 


Reporting Systems 


Percent 


1 While some systems do not schedule this maintenance 
on a time-interval basis, it is completed as necessary to 


maintain service reliability. 


Figure 15.4—A fixed-wing aircraft patrolling a 500-kV 
transmission line of Gulf States Utilities Company. 
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TABLE 15.12 


Transmission System Maintenance 


Reporting Systems 


Number 
Schedule for Maintenance Inspection of: 
Oil Circuit Breakers 
After specified number of faults. . 6 
Annually diye cet fpr 6 ae -ve 46 
DEAK EATS. sohia HONS «eo ote Meta 18 
DAV. CALS Werterege sects rele Cheaieitiers, 8: 1 
Gas Circuit Breakers 
After specified number of faults. . 5 
Annually 4 pronase: choco! 6,22 asses 27 
DAE CATSH MOREE ER ois ieieloicls ops aie « 10 
DiWGAin, gottode po diaaae castro 1 
Air Circuit Breakers 
After specified number of faults. . 5 
Anmitall y arene seer <tlegenale foyeka/oey 3 
Wnt) SUGEV Reon ah OO OBA Ume W7/ 
DASA 6 1G GSH 0° Gini oO opie 1 
Power Transformers 
Annually yomes errs cls etre eevee 69 
DEANE 6 AO 5.000 Gibb OO O10 OD ec Wide 
FO VOALS oie a BIO its ota ichcs 8 yaks 4 
Relays 
Anmually cr: wretdseee de sie ae ecalclpere 77 
LeQuy ears ea Sas stig Sete. 8 17 
2-5 iy earsaaniea.s yee hues (1s a0doe os 6 
Grounding Switches 
Annilall yap aaeiene es rater 36 
NR) ES Rinig a2 8 5 aap Gite 8 
Remote Signaling Equipment 
Oetomear iy Paley. Ant, tote 40 
Vet year tai & tisnas sett + dinette 2 
| EST Fe nie nee ema es One 3 
Use published guide or checklist to 
aid personnel in performing 
substation inspection: 
NGEPissio Sus torial nace Oe 103 
INO pees ea KOR es. nes 3 
EHV Transmission Lines by: 
Aircraft Patrol 
8) WEED orc cot baddeocd ot oop 45 
U-AP2 WA Rin rome hog oR MEO c 35 
Quarterly or less frequently... 51 
Not scheduled or not used.... 15 
Ground Patrol 
OF96 Year acaa ce se Cin. 30 
Dom VEAL a cars eiaisic’s Sietegeils tie us 38 
QEY.CATSIOG MOLE serene peter erer 6 
Not scheduled or not used.... 17 
Climbing Patrol 
Annuallyspe cic 5 
LESy CATS seyret toute Tee 6 
ASY Eats OL MOLE errno el 16 
Not scheduled or not used.... 81 


Percent 


62 
33 


15 
Ue 


or other areas where there is a known or 
potential loading that approaches line capabili- 
ties. 


Maintenance Timing 


Utilities generally schedule “Planned Mainte- 
nance” during seasons when loads are low. As 
more large generating units are added to sys- 
tems, completion of maintenance during these 
periods will not always be possible because of 


the longer maintenance times required and the 
recent trend toward discovery of unforeseen 
problems after maintenance work is undertaken. 
The higher forced outage rates of newer units 
also increase the probability of systems having a 
substantial percentage of their capacity unavail- 
able at the time of peak demand. Table 15.13 
summarizes the unavailabilities of system gener- 
ating capacity at time of annual peak for the 
systems reporting in each of the regional coordi- 
nating council areas. 


TABLE 15.13 


Unavailable Capacity at Time of 1968 
System Peak 


Range of 
Number of Unavailable 
Number of Systems with Individual 
Region } Systems Unavailable System 
Reporting Capacity at Capacities ? 
Time of Peak (% of System 
Total) 
ECARSS rere. 19 14 30.7-36.9 
ERCOL 9 2 5.2-15.7 
MAAC Rae 8 7 3.7-18.4 
MAIN? 32 eee 12 4h 2.9-12.9 
MARCA..... 21 6 0.7-11.4 
NPCOR Ae ae 19 11 40.8-71.8 
SER@.. 2...) 11 9 0.3-17.9 
SWEP2eraee 23 2 1.1-8.6 
WSCG#2 25 6 0.3-14.4 


1 See footnotes on table 15.6 for abbreviations and organi- 
zational changes since survey data were collected. 

? Capacity unavailable because of planned maintenance, 
forced outages, deratings or other limitations. 

3 The 36.9% represents 927 MW, of which 634 MW was 
the result of forced outage. The system involved received 
672 MW from interconnected systems at the time of peak 


load. 


4 The 71.8% represents capacity lost when one large unit 
was forced out of service. Interchange power was available 
to meet system peak load requirements. 
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CHAPTER 16 


PROBLEMS IN TIMELY PLANNING AND 
CONSTRUCTION OF NEW FACILITIES 


Introduction 


All segments of the electric utility industry 
are finding it increasingly difficult to make cer- 
tain that generation, transmission, and distribu- 
tion capacity is available to meet customer loads 
as they develop. The challenge of meeting cus- 
tomer demands is frequently complicated by 
delays that either originate or actually occur 
during the following four sequential periods. 

(1) The forecasting period, when load 
projections must be prepared for 10 to 20 years 
into the future. These projections provide a re- 
alistic basis for planning to assure enough lead 
time for proper implementation of plans on a 
timely basis. General plans for the location and 
types of facilities are developed during this pe- 
riod. 

(2) The clearance period, between general 
planning and initiation of construction, when 
public and regulatory approvals must be ob- 
tained, rights-of-way procurement must be com- 
pleted, financing must be arranged, and design 
and other pre-construction activities must be 
carried out. 

(3) The construction period. 

(4) The shakedown period during the first 
year or two following completion of construc- 
tion, when equipment is tested and deficiencies 
are corrected. 

In order to identify the most likely causes of 
delays, the Federal Power Commission, state reg- 
ulatory agencies, and the industry itself main- 
tain records and prepare periodic analyses of in- 
dustry performance and results. 


Delays in Generating Equipment 


The Federal Power Commission requested 
information from the Regional Electric Reliabil- 


ity Councils,, November 4, 1970, on problems 
(other than forecasting, category 1 above) 
which adversely affect the ability of individual 
utilities, power pools, and other utility groups 
to construct needed generation and transmission 
facilities in time to serve anticipated loads. The 
responses stressed the items listed below as 
major causes of delay, although the ranking var- 
ied somewhat among the regions. 

1. Delays in obtaining permits, certificates, or 
licenses from local, state, and Federal agencies, 
sometimes because of backlogs or other intra- 
agency problems and sometimes because of pro- 
tracted adversary proceedings. 

2. Delays in delivery of major equipment 
from manufacturers, sometimes because of 
strikes or other labor-management problems at 
manufacturing or fabrication plants and some- 
times because of lack of manufacturing capacity. 

3. Rapidly changing standards and require- 
ments for maintaining satisfactory air and water 
quality, resulting in major changes in design 
after construction is started. 

4. Opposition from preservation, conserva- 
tion, and environmental groups with concern 
over project impacts, and delaying tactics by 
opponents who are unwilling to accept the de- 
cisions of regulatory agencies. 

5. Labor problems, such as strikes, demands 
for overtime, and low productivity at the con- 
struction site. 

6. Quality assurance and control problems in- 
volving both basic materials and fabrication. 

7. Siting problems, particularly for transmis- 
sion lines and nuclear facilities. 

A summary of installed capacity and the 
extent of known delays for the years 1966-1970 
are shown in table 16.1. During the past five 


1FPC Docket R-405. 
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TABLE 16.1 


Summary of Capacity Installed and Capacity Delayed 


1966 1967 1968 1969 1970 
Total capacity mstalléd MW a) a ets ee ee ee 11,907 21,676 22095 21,693 2 eae 
Capacity imstalled—large units, NEW) Siti crter sci teen een 6,460 USK”, 12,645 DiS 14,190 
Large units on or ahead of schedule—MW..............-.--. 2,291 2,770 By tN t7/ SoU 2,490 
Targelunits| delayed —— MW error ra irk tele ee reno 4,169 10, 787 7,128 8,803 11,700 
Percent;delayed—total capacityapesaee toler einen 35.0 49.8 32793 40.6 43.1 
Percent delayed—large unit capacity a cern clei ieitr leet 64.5 80.2 56 .4 7350 82.4 
Capacity, delayed }l=3 months——-MiWrren pra ripiioie rae ie ner 28993 4,706 5,007 3,095 2,574 
Percent of total i; a ccdatcn ca nemner coer te 24.8 Pod) 22.7 14.3 als) 
Gapacityidelayed 4-6; months——MVV 55 ieee peter: eatin e she oyeire Ne losecods oe 2991 50 1,392 7,391 
Percent of totaliie..: tigen iets sebeias + pietdok Aah on sme ee ee ee 13.8 729 6.4 2iee 
@apacity/;delayed#7—9 months iW isameyartiee tetera teten rire 393 LG D0 weere re cate gece 1,833 1,083 
Percent} ofstotalinteezgs. at peti io Pee ace oie fons on ioe! G2 eoxck Ronceier rae 8.4 4.0 
Capacity delayed sl 0-12 "months MV Vieer rte nen etter ier renele 823 840 385. is chs ceogeyeqstelle Nee 
Percentiof, total SUA O8 Ue ch Fortes Po stone dire eregete als <a aetes 6.9 a) 1.7 os sims «> bo cha 
Capacity delayediover) | 2emonths——M Wr) pteee eset een S00 Risa ae 2,483 652 
Percent/ottotalvs wan cts tee te een Sine eke tence eet ie vt conta ie Ly Cremarns 4s 2 ian cust eupe serous 10 ee) 2.4 


1 300 MW and larger. 


years, the in-service dates of almost three-fourths 
of all new generating equipment were behind 
schedule. 

The number of steam-electric units of 300 me- 
gawatts and larger that have been delayed dur- 
ing the 1966-1970 period and the reasons for 
the delays are summarized in table 16.2. Also 
similar information is shown for all large units 
scheduled for service after December 31, 1970, 
reflecting events that had occurred prior to Jan- 
uary 1, 1971, that necessitated changes in the 
original in-service schedule. Since further delays 
or advancements may occur, the data for future 
installations are illustrative rather than defini- 
tive. Although the percentage of future units 
that face known delays is less than that of re- 
cently completed units, the potential for delays 
continues to be significant. It is discouraging to 
note that more than one-third of the units 
scheduled for completion after 1972 were al- 
ready behind schedule at the beginning of 1971. 

The effects of the types of delays portrayed in 
tables 16.1 and 16.2 are emphasized by the ab- 
normal load reduction measures taken by some 
utilities and power pools in the United States 
during recent years. During the 1970 summer 
peak period, operating power pools curtailed 


service on 30 occasions, with the duration of the 
service reduction in major portions or all of the 
pool service areas ranging from 3 to 15 hours. 
In addition, single utilities reduced service on 
19 occasions, for periods of 2 to 8 hours. During 
the 1970-71 winter peak period, pools reduced 
service 19 times, and individual companies cur- 
tailed service on 3 occasions. 

Load reduction measures consisted predomi- 


nantly of voltage reductions which had no seri- 


ous or, in most cases, even noticeable effect on 
the customers. Such measures were generally in- 
stigated to provide acceptable reserve generating 
margins when high loads occasioned by weather 
extremes or abnormal forced outages resulted in 
a shortage of generating capacity that threat- 
ened to imperil reliability. Interconnected sys- 
tems normally operate so that the interconnec- 
tions are able to sustain deficient systems during 
both sudden and sustained emergencies. The 
resources of the interconnections were satisfacto- 
rily exploited in all recent emergencies, al- 
though transmission systems and interconnec- 
tions among systems limited inter-utility and 
inter-regional transfers in some cases. In some 
instances the areas of deficiency were so large, 
geographically, that only partial assistance was 
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TABLE 16.2 


Reported Delays in Schedules of Steam-Electric Generating Units, 300 Megawatts and Larger 


1966 
Status of Units 
RAs COLA YOO. 8 oye a iit Sais oss spies ompaie lays 10 
Wnitsronrschedulem aaamerie oor erie tee 1 
iWnitstaheadsof schedules. nee eee ee 
slotalinumbersoljinits a ee ereeienie 15 
Causes or Contributing Causes of Delays } 
Labor Related 
(1) Shortage of construction labor......... 4 
(2)eReduced labor:productivity. J.: . 272iy.ariaens 
GR ESUTIK Spas Eee Rice cae et che eee 
SUD LOLA lane Piper rok nace a dock aeaehc ae 6 


Other Causes 
(4) Equipment failure, faulty installation, 
Start-1psproplems an ei eae 
(5) Late delivery of equipment............ 1 
(6) Inability to obtain necessary certifications 
and other regulatory impediments, in- 
cluding environmental problems............. 


Gu Adverse; weather Wot acehes Aare a theke oes easy, 


(8) Planned deferments due to changes in 
loadwestimatesm. 7 svacu ar cts oinenaa boerete Crs 


Pom bcupncaanges we cack wat none tat. © een os 
(10) (Budget‘or financing problems)... 10. 0.65.00. 
Subtotall®, sean derecee aoe Seta aye eect, 8 ee § 

PL Gtalee SSRs peeked tecieas cee «eee 11 


1967 


Number of Units Affected by Years 


1966— 1973 & 

1968 1969 1970 1970 19712 19722 Later 2 
Totals 

PI 14 16 22. 83 19 PD. 70 

6 4 3 17 23 28 121 

3 4 2) 1 14 5 10 15 


27 24 22 26 114 47 60 206 


6 5 6 4 29 1 5 
Leaeas as Be a 9 1 4 1 

5 6 8 10 31 6 
12 1] 18 18 65 10 15 5 
9 5 7 5 PA OPT AS COCR EY S Oe Ty 
5 3: 5 5 Wy) 6 6 4 
1 2 3 2 8 4 5 oh) 
BE 0 ee 1 2 L Bigs Pe Saree 
ERS OT EA OC CILIA 2 De Pe casts 5 
Fro. SOO OSI aOR 1 | hear ease 1 2 
51a UMONS MAME oth Sig tes shoe eeokn Mahed cue 6 6 30 
17 10 15 12 59 18 18 76 
29 21 33 30 124 28 33 81 


1 The same unit may be reported as delayed by more than one cause. Therefore, the sum of causes for delays may 


exceed the total number of units delayed. 
* Status as of January 1, 1971. 


available from neighboring utilities. In other 
cases extraordinary measures were invoked, such 
as the action requested of and taken by the 
Atomic Energy Commission during the period 
July 1-August 31, 1970, when it made 450 mega- 
watts available for use throughout the intercon- 
nected systems. This was accomplished by the 
reduction of the power requirements at AEC’s 
gaseous diffusion plants thus freeing that energy 
for transmission to supply-short areas. 

While the value of strong interconnections is 
self-evident, it is inescapable that the basic trou- 
ble during recent years has been insufficient 
available generating capacity. ‘There are practi- 


cal operating reliability and economic limita- 
tions on the extent to which reasonably de- 
signed transmission systems can overcome major 
generating deficiencies throughout wide areas. 


Delays in Transmission Construction 


With a few significant exceptions, delays in 
meeting scheduled in-service dates for transmis- 
sion lines have received little public attention. 
Since many new transmission facilities are asso- 
ciated with new generating plant additions, de- 
lays in plant construction may make transmis- 
sion delays less critical. Also, most transmission 
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lines are built with some excess capacity to 
allow for future growth as well as emergency 
needs, so the urgencies of meeting schedules are 
not always as severe as for generating plants. It 
would be unwise to accept these circumstances 
as a premise for future planning, however, be- 
cause there are some instances where transmis- 
sion line construction delays have become as 
troublesome as generation delays in their effects 
on system reliability and stability. With the in- 
crease in transmission voltage levels, centraliza- 
tion of large blocks of generation, and long 
transmission lines crossing many jurisdictions, 
extended delays in installation of transmission 
can adversely limit inter-utility and inter-re- 
gional transfers as well as plant outputs. In the 
past, transmission delays usually caused rela- 
tively minor economic inconveniences and less 
than ideal generation dispatch. In the high vol- 
tage systems of today and tomorrow, delays in 
construction of transmission can be crucial. In 
one interconnected system, four major segments 
of a 500-kV backbone transmission grid have 
been delayed from 11 to 32 months, and none 
of the lines had final clearance at the end of 
1970. Absence of these lines is already creating 
operating and economic problems, and service 
reliability will be seriously affected if the instal- 
lations are not completed promptly. 

Delays such as those discussed for the high ca- 
pacity EHV lines between areas or systems or in 
high population density areas also plague 
smaller systems with lower voltage lines in less 
heavily settled areas. For over three years a 115 
kV interconnection, five miles in length, has 
been delayed by the opposition of over 15 envi- 


ronmental and conservation groups in hearings 
before a State Public Service Board, as well as 
by numerous meetings between utilities and the 
affected town and regional planning commis- 
sions. Another system has encountered difficulty 
in obtaining the necessary rights-of-way for sev- 
eral 230 and 500 kV transmission lines, primar- 
ily because of increasing opposition related to 
environmental effects. The lines are critical, and 
failure to complete them soon could lead to 
service interruptions or curtailments in Wash- 
ington and Oregon. 

The opposition has not been directed against 
any one segment of the industry. Every segment 
—public, cooperative, and investor owned—has 
been plagued with delays. To obtain a better 
understanding of magnitude and geographical 
distribution of potential trouble spots, the Com- 
mission in 1970 made a survey to determine the 
delays experienced in high voltage transmission 
line construction schedules of the major electric 
utility systems in the United States. The results 
of that survey are summarized in table 16.3. 
The 3,659 circuit miles covered by the survey 
are equivalent to about 42 percent of the total 
mileage of high voltage transmission lines 
placed in service during the year ended June 30, 
1970. The various causes of the delays are 
shown in table 16.4. 


Financing Problems 


The survey on which the preceding tables and 
discussions were based did not involve consider- 
ation of financing problems, except as noted. 
That subject is discussed in detail in chapter 
20. It is mentioned here only to emphasize that 


TABLE 16.3 


Extent of Delays in High Voltage Transmission Line Construction for Lines Installed During Year Ending 
June 30, 1970 


Circuit Miles by Extent of Delay Total 

Design Voltage (kV) Circuit 

1-3 4-7 8-11 12 or more Miles 

Months Months Months Months 

230 aerate me okis OE ae ETC ee 2; 162.1 47.7 583.5 824.5 
SE ET CERES Mts ETO cette SOFA EL oo toe st 185.8 2302 147.6 659.3 
SUR FE GG Cah Ee eee eerie Ries nat Be £6 0 402.7 36.8 296 .0 1 Lizag 
Ufo a ARR ER ese ler ce RES GHGS acai ne keris RL eso. on 7 0.0 116.0 0.0 206.7 
SOO des ae ees eee. Pee, Sethe ce 0 850.6 0.0 0.0 850.6 
sLotal tty. phate we ees Sere Stee eee 599.6 1,601.2 430.7 1,027.1 3,658.6 
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TABLE 16.4 


Causes of Delays in High Voltage Transmission Line Construction for Lines Installed During Year Ending 
June 30, 1970 


Circuit Miles by Type of Problem 


Design and/or Regulatory 
Design Voltage (kV) Equipment Construction Certification Coordination ! Fiscal 2 

or Permit 
230 Ee Se 87.0 142.3 145.6 823 441.3 
EY Biles tot 4 chen FOr HED ERE 90.1 158 .4 198.3 D255 0.0 
OO Rae ae Sg Ayo Bat 398 .0 71.8 321.4 0.0 326 .3 
TASG}e AEC to ae ae one 0.0 144.0 0.0 62.7 0.0 
QOORU CRM can eee ne 850.6 0.0 0.0 0.0 0.0 
otalargey. eaeee sot ek 1,425.7 516.5 665.3 283 .5 767.6 


1 Involves cases where a portion of line is held up because of delays in another portion. 
2 Involves Federal lines dependent on congressional appropriations. 


the problems of maintaining a financial climate 
conducive to investor support will continue to 
be extremely difficult unless many of the uncer- 
tainties that now face the industry are reduced 
or eliminated. Tremendous sums of money will 
be required to finance the facilities that must be 
built in the years ahead, and most of those 
funds will have to be provided by the investing 
public. The needed funds will be forthcoming 
only if the industry can demonstrate that its 
goals and objectives are stable, and that they 
can be met within an explicit financial frame- 
work. Unless the shifting targets of recent years 
can. be stabilized, financing problems may be- 
come a major stumbling block in meeting fu- 
ture customer demands. 


Scheduling Problems Related to Load 
Projecting 

The difficulties of preparing load projections 
are discussed in chapter 3 and in the report of 
the Technical Advisory Committee on Load 
Forecasting Methodology printed in Part 4 of 
this Survey. The effects of load projections on 
construction scheduling are of concern in this 
chapter. 

Load projections are used not only to indicate 
how much generating capacity must be built, 
but also to identify where it should be located, 
what types of capacity are needed, and what 
transmission will be needed to provide adequate 
and reliable service. 

The simple planning objective of an electric 


utility—to meet each customer’s electric energy 
requirements at the lowest possible cost consist- 
ent with the highest practical reliability and 
protection of the environment—belies the com- 
plexity of the process of meeting that objective. 
While it is customary, in the planning cycle, to 
relate the load obligation of a utility to the 
maximum demand made upon the generating 
facilities, the simple extrapolation of experi- 
enced loads into the future, according to some 
averaged rate of growth, may not provide an ad- 
equate basis for planning future generation and 
transmission. ‘Thus, the planning process for 
utilities is a continuous one with plans con- 
stantly undergoing refinement as the power de- 
mand levels projected for future years are ap- 
proached. Until recently, the time involved 
from announcement of the need for major 
steam-electric and transmission facilities to oper- 
ation of those facilities rarely exceeded five 
years. The emphasis on load projections was for 
that period, even though load projections of 
longer range were often made for other pur- 
poses. There was little need for longer detailed 
plans since procurement, manufacturing, and 
construction processes worked well to meet 
schedules within that time span. By the early 
1960's, however, it was apparent that the large 
units of the future, with their technological, lo- 
gistical, and environmental complexities, could 
not be accommodated within a five-year projec- 
tion framework. Estimating periods were ex- 
tended and procedures refined, but in many 
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cases these changes came too late to avoid some 
imbalances between demands and supply that 
stemmed from inaccurate predictions of what 
loads would be. 


Projecting loads involves not only the magni- 
tude of loads, but also patterns of use within 
the maximum range of expected demands. Dur- 
ing the past decade there has been a perceptible 
change in the characteristics of loads in many 
areas. While the consumer may be a captive of 
his electric energy supplier because of the na- 
ture of the industry and its regulation, he is not 
captive in his choice of manner or degree of use 
of the service. For example, with the advent of 
relatively inexpensive room air conditioners, 
many customers chose to install them in homes 
and offices, and the utilities found that their 
summer loads had suddenly increased dramati- 
cally and had become extremely weather sensi- 
tive. This is just one example of trends, or fac- 
tors, that have until recently been evaluated 
only roughly, but that now call for more de- 
tailed and more sophisticated analyses because 
they have a pronounced effect on the determina- 
tion of when, where, and what types of new fa- 
cilities should be built. 


The effects of load projections, good or bad, 
reach beyond the utilities into a separate and 
equally complex chain of events in the manufac- 
turing and supporting supply industries. Manu- 
facturers use load projections to develop their 
plans for new production capacity and for new 
equipment required to meet changing technol- 
ogy. Obviously, if the projections are inaccurate, 
the manufacturing capability is apt to be out of 
step with needs as they develop. In part, the re- 
cent widespread installation of gas turbines, 
with their shorter construction time, is a by- 
product of some combination of inadequate 
load projections and delays in completing new 
steam-electric units. 


Construction Clearances 


The five-year planning-to-service interval for 
fossil-fueled thermal generation, mentioned 
above, served to conceal the fact that the true 
planning period was longer, even though it did 
not call for detailed long term load projections 
that now are needed. Many utilities owned 
plant sites for long periods of time, or at least 
had relatively specific areas in mind for future 


expansion where such things as water resources 
for cooling purposes had been evaluated. Study 
of the need for base load versus peaking units 
was a continuing process, as was the monitoring 
of fossil fuel prices, availability, and transporta- 
tion costs. In many pool-type operations embrac- 
ing two or more operating companies, other 
economic factors entered into management 
decisions. Since the role of management must al- 
ways include the responsibility to provide eco- 
nomic as well as reliable service, and the com- 
petitive working of the American system was 
fittingly used to accomplish this, it has been 
considered proper and in the public good that 
the planning prior to construction time remain 
discretional with management. The declining 
cost of electric energy to the consumer during 
the past attests to the effectiveness of this sys- 
tem. Recent changes and other factors, however, 
have entered the picture, which now impose the 
necessity of altering the planning process with- 
out losing its past viability and economic effec- 
tiveness. For years many forward-looking 
individuals and organizations have been con- 
cerned with the effect of man and his activities 
upon his environment, and have advocated and 
pursued certain conservation measures. Much of 
the early activity centered around the preserva- 
tion of wildlife species and was supported pri- 
marily by the sportsmen of America. Such fac- 
tors as changes in technology and increases in 
population led to a new social consciousness in 
the post World War II society. This increasing 
interest in environmental protection permeated 
the political structure and includes many facets 
relating to air pollution, water pollution, noise 
pollution, land use, and esthetics. 

Aside from those persons who had complained 
of fly ash fallout on their property adjoining 
coal-fired thermal plants, probably the first 
major impact upon the industry resulting from 
this growing concern to protect the environ- 
ment involved esthetics at hydroelectric plants. 

When Consolidated Edison Company of New 
York on January 29, 1963, filed with the Federal 
Power Commission its application for license to 
construct, operate, and maintain the proposed 
Cornwall pumped storage project, it was not un- 
reasonable, based upon past experience, to ex- 
pect that the license might be issued within a 
year or 18 months, thus permitting construction 
to start during 1964. Instead, after eight years 
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the matter is still unsettled, although the initial 
Federal Power Commission license was issued on 
March 9, 1965, and a revised license was issued 
on August 19, 1970, after court review and ex- 
tensive rehearings. The Commission’s decision 
has again been appealed. Prior to Cornwall, 
with few exceptions, the licensing and court re- 
view processes had not proven unduly burden- 
some to the industry and the planning time re- 
quired by this process did not add objectionably 
to the lead time for most hydro projects. 

While other factors were included, much of 
the controversy associated with the Cornwall 
project arose over esthetic problems of overhead 
transmission lines and the lack of public under- 
standing of the technical and economic limita- 
tions on undergrounding transmission lines. 
The regulatory processes in America have been 
fundamentally quasi-judicial in nature and the 
success of the system has depended to a great ex- 
tent upon a mutual understanding of underly- 
ing philosophy, an appreciation of the common 
goals and problems, and the expertise of the 
regulators and the regulated. Generally it had 
not been necessary to move into full judicial 
proceedings, which are inherently time consum- 
ing, and the small additional time element re- 
quired to obtain a Federal Power Commission 
license for hydroelectric projects had been assim- 
ilated into the planning process. ‘The industry’s 
past experience with delays caused by such fac- 
tors as right-of-way acquisition problems, even 
when going the complete judicial route, includ- 
ing exercise of eminent domain, had generally 
been solved in a concurrent time frame and had 
added little delay to timely completion of facili- 
ties. 

By the time that the power of the atom was 
extended into peaceful uses, such as electric 
power generation, expertise and regulations of 
the Atomic Energy Commission had been well 
established. Their regulatory process, with safety 
the prime motivation, involves a construction 
permit phase (including a public hearing near 
the proposed site) and an operating permit 
phase. The time necessary for AEC’s action on 
the utility's application for a construction per- 
mit must be included in total planning times. 
AEC’s publication “Status of Central Station 
Nuclear Power Plants—Significant Milestones, 
March 1, 1971,’ lists 80 nuclear units for which 
construction permits have been issued. For these 


80 units, the time from application to issuance 
of the construction permit ranges from a low of 
four months to a high of two and a half years, 
with an average time of 14 months. As of March 
1, 1971, requests for construction permits had 
been filed but not yet granted for 26 additional 
units. he application for one of these units, 
with a date of November 1963, is in an inactive 
status; one, with a date of May 1968, has experi- 
enced excessive opposition; and the application 
dates for the remaining 24 units range from 
January 1969 to December 1970. Since compa- 
nies have been waiting a year or longer as of 
March 1, 1971, for construction permits for over 
half of the latter 24 units, it appears that this 
time increment is increasing. Also, AEC’s, quasi- 
judicial regulatory process appears to be facing 
increased time requirements involving drawn 
out adversary proceedings instigated, in the 
main, by public interest in environment protec- 
tion, and significant additional delays may re- 
sult from AEC’s proposed regulations that have 
been issued subsequent to the decision of the 
United States Court of Appeals for the District 
of Columbia Circuit, July 23, 1971, regarding 
the Calvert Cliffs nuclear plant on the western 
shore of Chesapeake Bay, Maryland. 

Interest in nuclear-powered generation rose 
dramatically in the mid-1960’s, then diminished 
somewhat near the end of the decade because of 
several problems, uncertainties and delays. With 
a greater number of fossil-fueled thermal units 
being added than had been envisioned a few 
years earlier, the industry contributed to the dis- 
locations which appeared in the raw fuel sup- 
ply, transportation, and manufacturing indus- 
tries. However, hopes of rapidly getting 
fossil-fueled units in service have been dimmed 
by added sequential events in the planning and 
development processes, including the sometimes 
almost impossible task of meeting moving tar- 
gets of air and water quality standards while 
trying to design and order acceptable generating 
equipment. Because water resources are rela- 
tively fixed, the industry has already begun a 
move toward the use of supplementary cooling 
ponds and towers for large steam plants. While 
adding to both capital and operating costs, these 
supplemental cooling methods hopefully will 
satisfy most water quality standards. 

The fossil-fuel-fired plant is at a particular 
disadvantage from the standpoint of air quality 
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control. The many entities involved and the 
time consumed in reaching decisions or satisfac- 
tory solutions sometimes create intolerable de- 
lays. Particulate discharge from coal-fired plants 
can be controlled with modern, highly efficient 
precipitators at added capital and operating cost 
penalties, and these facilities are being widely 
employed. Equipment that will satisfactorily con- 
trol sulfur and nitrogen oxide wastes, is not 
available at this time, although solutions appear 
to be attainable within the current decade. The 
prescribing of low sulfur fuels, particularly gas 
and oil, can only be a stop-gap measure, even if 
costs were no object. The supply of low sulfur 
fuels is relatively limited, and therefore all-out 
efforts must continue in the development of reli- 
able devices to control oxide wastes. In the in- 
terim, however, the state of the art must be 
recognized in establishing standards lest in- 
flexibility cripples both the industry and the 
national economy. 


Another environmental factor that could pre- 
sent a radical alteration to past planning prac- 
tices involves esthetics. Since beauty has been 
said to be in the eyes of the beholder, that 
which presents an acceptable appearance is open 
to wide differences of opinion. Such differences 
could cause extensive delays and added costs 
which must be considered in the planning proc- 
ess. In considering possible power plant sites, it 
has been clearly demonstrated that early contact 
should be made with state and Federal agencies 
having regulatory control over various phases of 
plant construction and operation. With increas- 
ing competition for land, this problem can only 
become more significant in making resource-use 
decisions. There appears to be a need for sim- 
plified and coordinated regulatory procedures, 
including provisions for various public interests 
to be represented and for environmental values 
to be considered. This subject is treated in 
depth in the August 1970 report entitled ‘“Elec- 
tric Power and the Environment,” sponsored by 
The Energy Policy Staff, Office of Science and 
Technology, to which the Federal Power Com- 
mission contributed. That report considers in 
detail possible alternative courses of action to 
overcome the inherent time-consuming workings 
of the quasi-judicial regulatory system. Revised 
judicial (or legislative) procedures may reduce 
the “lead time” assignable to this factor, but at 
the expense of building in a certain amount of 


inflexibility into expansion plans and possibly 
increased costs. Other alternatives may be pref- 
erable, or more acceptable to the public. It is 
sufficient here to say that a new time-controlling 
factor has been added to the planning process. 


Problems During Construction 


Virtually all utilities have complained, in re- 
cent years, about declines in labor productivity. 
This problem, although attributable partly to 
strikes and other deliberate job actions, reflects 
a lack of skilled labor and a possible decline in 
pride-of-accomplishment by the construction 
labor force. 


Delays during the clearance stage, discussed 
above, result in new developments being behind 
schedule before actual construction gets under- 
way. This situation is conducive to labor de- 
mands and strikes because the bargaining bal- 
ance is upset by the pressure to get units 
completed without further delay. Recent short- 
ages of skilled labor have substantially elimi- 
nated competition within the labor force, thus 
depriving management of a traditionally impor- 
tant bargaining point. The result has been a sig- 
nificant, although not necessarily deliberate, de- 
cline in productivity and a related increase in 
the difficulty of meeting construction schedules. 


Changing technology has also presented prob- 
lems for construction workers in recent years. 
Few construction workers have had experience 
with the large, complex equipment currently 
being built, particularly at nuclear plants. Basic 
training programs have been required in many 
instances, and proficiencies have had to be de- 
veloped following training. The rapidly increas- 
ing amounts of capacity being constructed have 
created a situation where there is not enough 
experienced labor to go around, and have re- 
quired the use of an abnormally high percent- 
age of inexperienced workers. Labor as well as 
management has recognized the problem and 
has cooperated in training programs, optimum 
distributions of experienced workers, and other 
attempts to make the best possible use of avail- 
able skills. Nevertheless, an appreciable amount 
of “slippage” is attributable to labor inexperi- 
ence that results in both inefficiency and poor 
workmanship. 


Another major cause of delays during con- 
struction is equipment failure stemming from 
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either manufacturing defects or faulty installa- 
tion. In some cases the difficulties have stemmed 
from materials failures, but most problems are 
the result of poor quality control in the manu- 
facturing or construction periods. Improved 
techniques for monitoring manufacturing and 
construction processes are constantly being de- 
veloped, but much more needs to be done in 
this area. 


Late delivery of equipment is a continuing 
problem. This factor involves not only manufac- 
turing delays, but it also related to transporta- 
tion delays and scheduling foul-ups. Shifts in 
emphasis from fossil to nuclear, then back to 
fossil and again to nuclear, have aggravated this 
problem, even though the shifts themselves have 
often been related to available manufacturing 
capacity. With the longer range projections now 
being prepared and a closer coordination be- 
tween utility and manufacturer, these problems 
should become less troublesome. 


Delays Following Completion of 
Construction 


Many of the new units completed in recent 
years have not provided reliable service for 
months, or even years, after construction was 
presumed to have been completed. Delays in ob- 
taining operating permits for nuclear plants 
have been a problem in a few cases; under re- 
cent court decisions and environmental regula- 
tions, this problem may become more wide- 
spread. The major problem, however, has been 
breakdown of equipment components during 
the testing and early operating period. To some 
degree, the problems are associated with new 
types of equipment associated with the large 
units now being constructed, and with environ- 
mental control] facilities and other plant com- 
ponents that have not been perfected through 
use. In many cases, the problems have stemmed 
from the lack of adequate quality control, dis- 
cussed above. 


As experience is accumulated and control tech- 
niques are improved post-construction equip- 
ment outages should decrease, but with the 
constantly changing technologies envisioned for 
the future, it can reasonably be expected that 
the problem will be a continuing one and 
future plans and schedules should make specific 
allowances for such contingencies. 


Considerations for Future Planning 


Consistent and compatible standards for all 
types of environmental controls are urgently 
needed, particularly in contiguous areas with 
like ambient conditions. Without realistic and 
consistent standards, it is likely that facilities 
will be constructed in less restrictive jurisdic- 
tions, which may not be the best choice econom- 
ically or operationally. 


New standards should permit adjustments for 
facilities already under construction, so that 
state-of-the-art improvements in technology can 
be implemented when available and on realistic 
schedules. ‘The electric utility industry can and 
should be a valuable contributor to a workable 
solution, but the basic thrust must come from 
the public, and from agencies or legislators with 
broad interests that encompass all types of en- 
terprises whose operations affect the environ- 
ment. Firm decisions must be made soon lest 
the current confusions become a prime delaying 
element. Increases in lead times can no longer 
be considered a practical or reasonable method 
of alleviating the problems of delay in areas 
where fundamental policy decisions are needed. 
There is no way to determine what lead times 
should be provided for as yet undetermined en- 
ergy or fuel policies, or for the steadily mush- 
rooming involvement of individuals and orga- 
nizations with environmental concerns that 
sometimes immensely extends the regulatory 
process. Here the solution is not merely one of 
lengthening the time allowance for adversary 
proceedings, but rather one of fixing an order 
and time scale to assure due process. The efforts, 
including those of the Federal Power Commis- 
sion, to meet this need equitably are discussed 
in detail in the previously mentioned report 
“Electric Power and the Environment”. Gener- 
ally, an annually updated ten-year load forecast 
and attendant construction program is called 
for, with the public advised of at least the gen- 
eral and larger elements. FPC Order No. 383-2, 
issued April 10, 1970, encourages this planning 
cycle as does the action of several state regula- 
tory agencies, but the directive action necessary 
to eliminate the present chaos is still generally 
missing. Present thinking on the part of some 
would indicate that, before order and a realistic 
time scale can be incorporated into the plan- 
ning process, legislative action, both Federal and 


I-16-9 


state, is necessary to provide equitable considera- 
tion of all interests in a combined, one-stop, reg- 
ulatory-judicial process. While several Federal 
legislative proposals have been made embodying 
these general principles, none has yet been en- 
acted. The State of New York on April 29, 1970, 
authorized this type of certification for certain 
high voltage transmission lines, and some other 
states have enacted some legislation along these 
general lines, but in most states numerous sepa- 
rate approvals must be obtained before construc- 
tion can be undertaken. 

There are many who think that, while the de- 
lays affecting transmission lines may be handled 
in this manner, the problems affecting siting of 
generating plants influence important questions 
relating to air and water quality and thus do 
not readily lend themselves to such control. Var- 
ious proposed solutions to this problem include 
the action already taken by the Federal Power 
Commission which allows the costs of holding 


generating plant sites for long terms prior to 
construction to be included in the rate base and 
a 1971 law enacted in Maryland which pro- 
vides that a state tax on electric energy and the 
revenues received from that tax be used to pur- 
chase sites for generating plants on a long-term 
basis, then selling them to utilities as they are 
needed. The principle underlying both methods 
is simply that the purchase date and holding 
time are so much ahead of the needed date that 
the public will have full opportunity to present 
its views with respect to the proposed land use 
before irrevocable decisions are made. Since this 
implies regulatory or judicial acceptance long 
before need, it minimizes site review as a delay- 
ing factor. The disadvantages to such proce- 
dures would be some loss of flexibility in consid- 
ering alternatives or options in the planning 
process, but this could be outweighed by the 
monetary savings possible when plans are exe- 
cuted as needs develop. 
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CHAPTER 17 


COORDINATION FOR RELIABILITY AND ECONOMY 


Introduction 


Nearly every major electric utility system in 
the United States is connected with neighboring 
systems to form large interconnected networks. 
The gradual evolution from small isolated sys- 
tems in the early 1900’s to groups of interdepen- 
dent systems reflected the growing recognition 
by utility management that service reliability 
could be improved and the cost of providing 
service reduced through interconnection and co- 
ordination. 

Financial benefits are often realized from stag- 
gered construction of large generating units, 
short-term capacity transactions, and _ inter- 
changes of economy energy. Reduction of in- 
stalled reserve capacity is made possible by mu- 
tual emergency assistance arrangements and 
associated coordinated transmission planning. 
Bulk power supply reliability is enhanced by in- 
terconnection agreements covering spinning re- 
serves, reactive kilovolt-ampere requirements, 
emergency service, coordination of day-to-day 
operations, and coordination of maintenance 
schedules. Also, operating costs may be reduced 
through coordinated operation of intercon- 
nected systems. 

The satisfactory performance of a power sup- 
ply network requires close cooperation among 
component systems for accurate control of fre- 
quency, sharing of load regulating responsibil- 
ity, and maintenance of power system stability. 
Many of the fundamental technical problems of 
interconnected operation were solved during 
the 1920’s and 1930’s, and that paved the way 
for a gradual extension of interconnections. Co- 
ordinated planning evolved more gradually be- 
cause many independent systems had diverse 
characteristics and managements with widely 
differing attitudes toward the responsibilities of 
electric utilities. However, when it became evi- 
dent that substantial economies were possible, 


coordinated planning gained greater acceptance 
and became more widespread. The increase in 
generator unit sizes and growth of high-capacity 
interconnected transmission systems in the 
United States during the past three decades (see 
chapters 5 and 13) are indications of the advan- 
tages of coordinated planning. 

There are thousands of arrangements among 
systems from all segments of the industry pro- 
viding for various degrees and metnods of elec- 
trical coordination, These variations reflect dif- 
ferences in load density, characteristics of 
generating resources, geography, and climate. 
They are also a product of managerial views 
with respect to planning, marketing, competi- 
tion, and retention of prerogatives. Because of 
these differences, no single definition of coordi- 
nation has been established by the electric util- 
ity industry. As used in this chapter, coordina- 
tion is joint planning and operation of bulk 
power facilities by two or more electric systems 
for improved reliability and increased efficiency 
which would not be attainable if each system 
acted independently. Full coordination involves 
coordination of all systems within an area, to 
the extent technologically and economically fea- 
sible to permit the serving of their combined 
loads with a minimum of resources and to ex- 
ploit opportunities for coordination with adja- 
cent areas. 

The highest degree of coordinated planning 
results when a group of utilities jointly plan, 
design, and construct their generation and trans- 
mission facilities as a single system. However, 
such coordinating groups must be large enough 
to take full advantage of the efficient generating 
units and EHV transmission made available by 
modern technology, yet be of manageable size 
with all members capable of sharing the respon- 
sibilities of the coordinated effort. Similarly, the 
highest degree of coordinated operation is 
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achieved when a group of utilities operate all of 
their bulk power facilities as a single system. 

Most electric utilities are too small by them- 
selves to construct and take full advantage of 
the largest modern fossil and nuclear fueled 
generating units, so they are able to obtain the 
economic benefits associated with large generat- 
ing units only by joining with neighboring sys- 
tems in coordinating arrangements. 

Interconnection of electric systems throughout 
most of the nation has expanded the geographic 
area affected by equipment failures and generat- 
ing deficiencies well beyond the boundaries of 
the utilities or pools which plan and install the 
bulk power facilities involved. The duration 
and extent of the November 9, 1965, Northeast 
power failure*+ caused concern throughout the 
Nation about bulk power supply reliability. 
Subsequent to the Northeast interruption, other 
system disturbances occurred which demon- 
strated that area-wide coordinated planning and 
operation, with effective regional overview, were 
needed to reduce the likelihood of power short- 
ages and cascading failures. Electric utilities re- 
sponded to this need by forming coordinating 
organizations for the express purpose of improv- 
ing reliability on a regional basis. These re- 
gional reliability organizations do not have deci- 
sion-making responsibilities for new facilities, 
but they do review the expansion plans of indi- 
vidual systems and coordinating groups. The 
large increase in electric power requirements an- 
ticipated during the next decade makes it im- 
perative that electric utilities accelerate coordi- 
nated planning and operations in order to 
optimize the use of resources and to minimize 
the environmental impact of electric facilities. 


Coordinating Organizations 


Managements of various electric systems have 
developed a wide variety of formal and informal 
coordinating organizations or power pools. Some 
merely provide members with a mechanism for 
the exchange of information; others deal pri- 
marily with day-to-day interconnected opera- 
tions under normal and abnormal system condi- 
tions; many engage in coordinated planning and 


1 Details of the Northeast power failure and associated 
problems are documented in the Commission’s report of 
December 6, 1965, and in its three-volume report on the 
“Prevention of Power Failures,” published in June 1967. 


operation for increased economies; and _ still 
others are dedicated to improving reliability 
over broad geographic areas encompassing other- 
wise unaffiliated electric systems. All of these or- 
ganizations contribute in varying degrees to the 
reliability and economy of electric power sup- 
ply. 

The electric utility industry is responding to 
new opportunities for coordination by enlarging 
power pools through consolidation and expan- 
sion, by forming new ones, and by exploring the 
benefits possible from other types of joint en- 
deavor. In short, there is a pronounced move- 
ment to broaden the scope of coordinating 
activities in an accelerated effort to achieve an 
appropriate balance among such important fac- 
tors as reliability, economy, and environmental 
impact. 


Formal Coordinating Organizations or 
Power Pools 


The term “formal power pool” as used here 
means two or more electric systems which coor- 
dinate the planning and/or operation of their 
bulk power facilities for the purpose of achiev- 
ing greater economy and reliability in accord- 
ance with a contractual agreement that estab- 
lishes each member’s responsibilities. Individual 
members usually are able to obtain the econo- 
mies and other advantages available to much 
larger systems while retaining their separate cor- 
porate identities. 

Growing acceptance of the power pool as a 
coordinating mechanism is indicated by the in- 
crease from 9, with 23 percent of the nation’s 
generating capacity in 1960, to 22? with 60 per- 
cent of the capacity in 1970, Five of the pools 
are holding company groups, with membership 
consisting only of corporate affiliates. Power 
pools with corporately unaffiliated members in- 
creased from 4 to 17 in the 1960-1970 period 
and the proportion of generating capacity in the 
contiguous United States owned by these pool 
members increased from 12 percent to more 
than 50 percent. There are wide variations 
among the formal power pools in the number 
of systems participating and the geographic areas 
covered. Table 17.1 shows total generating ca- 
pacity and peak-hour loads of the larger formal 


2The CARVA agreement was terminated on October 
20, 1970, but some of the pool benefits will continue. 
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TABLE 17.1 


Generating Capacity and Peak Loads of Formal Coordinating Organizations or Power Pools 


Generating 1970 Nameplate Rating of 
Capacity Peak-Hour Largest Generating 
as of Load Unit in Operation 
January 1, 1971 in 1971 
(MW) (MW) (MW) 
NORTHEAST REGION 
New England Power Pool (NEPOOL) !.................06. 12,918 11,622 661 
NE WAYVOVERL OWED POOLUNY PP) ed. ott aes a Seer ee rake alee 22,616 17,037 1,028 
Pennsylvania-New Jersey-Maryland Interconnection (PJM)... 29,899 23 , 838 936 
PUPAE TEES Le CWO Pee te Pits carn tin a eA Boe epnay dina ois. oh ai OW ge Be, NYE eH 
SOUTHEAST REGION 
Carolinas-Virginia Power Pool (CARVA)?................. £8515 Lia 57, 730 
Southern Company System (Holding Company)............ 13,154 12,589 806 
PL Ota OLR CCION @2ice st en Pini trs a ena ee ewes - 31,669 29, 946 
EAST CENTRAL REGION 
American Electric Power System (Holding Company)........ 10,143 $5535 761 
Allegheny Power System (Holding Company)............... 4,287 3,649 576 
Central Area Power Coordination Group (CAPCO)......... 10,021 8,527 680 
Mentucky-indiana rower root (KIP)i on) lo. 2s. sce ste oes 4,899 4,157 518 
Michigan’ Pooler imoe «sie stiere cad atest.) arena thee eas « oRhs 10,605 8,905 750 
Cincinnati, Columbus, Dayton Pool (CCD)................ 4, 806 4,206 580 
EOCAL SOV RR OGION econ ts ste ois epic airs o cuteeereatcie. 4) b's nit a, 44,761 31919 
WEST CENTRAL REGION 
MU Oake NLISSOUTH DOO] cio te BSF peruey dh © avesuciiegnpaue #0 » Bas 8,467 7,207 605 
Wpper MississippiaValley bower Poole. ape een cee eee ce 2,991 5,305 580 
TOW ARE OWENT LOG trot teteter: ee Sete tise Ser rw, watt. 5s wg Seen ea sis 2,614 2,582 212 
WVisconsiny Powers Poole © senor et sate es Te oie ae ie 0 ae 1,845 1/05 406 
Missouri Basin Systems Group (MBSG).................... 4,373 3,940 216 
RO CALORIC CCION aera ac he BE les ts was ba oles ive «ss 25200) 20,789 
SOUTH CENTRAL REGION 
Missouri-Kansas Pool (MOKAN) (excluding satellites)....... 4,739 4,287 495 
Middle South Utilities System (Holding Co.)............... (3), ZA) 23999 700 
South Central Electric Companies (SCEC) ?................ 17,659 16,126 750 
Texas Utilities Company System (Holding Company)........ 8,150 7,444 588 
sLotalbforRepions? marnieracr shit Peace bas tao oce see 29,009 26 , 487 
WEST REGION 
GaliforntashowersPools, . chm cc pits. (th. fy beeieh ss ee 20, 340 18,077 755 
Pacific Northwest Coordination Agreement................. 18, 284 16,080 700 
BL otal tor REGION cep eee cat ene ens od etlsasae testo tera oie. oT 38 , 624 34,157 
cLotalitontAllsRevions ;mesetec ckek Wel. See nate aI Ne asc Srants 232,786 201,855 


Source of generating capacity and peak-hour load data: Regional Council Reports and FPC Forms Nos. 12 and 12-E. 

1 Data for the nine systems which initiated NEPOOL studies in 1967. 

2 Pooling agreement terminated October 20, 1970, but the parties will adhere to principle of equalized reserves for an 
additional three-year period. 

3 Includes Middle South Utilities System power pool and two members of the MOKAN Pool with 8,292 MW of gener- 
ating capacity and 7,369 MW of load. 

4 Duplication referred to in footnote 3 eliminated in totals. 
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power pools located within each of the six Na- 
tional Power Survey regions*. Table 17.2 lists 
the individual members of each pool. The areas 
served by formal power pools cover most of the 
United States, as shown in figure 17.1. 

Membership of most power pools consists en- 
tirely of the larger investor-owned systems, but 
the trend recently has been to include small pri- 
vately and publicly owned and cooperative sys- 
tems among their membership.* 

Most of the holding company power pools 
and a few others, such as Pennsylvania-New Jer- 
sey-Maryland Interconnection (PJM) and Mich- 
igan Pool, are planned and operated as single 
systems. Others are less closely coordinated, but 
the degree of coordination, which generally re- 
flects historic practices and management policies 
of the participating systems, tends to improve 
with time as the systems gain experience in 
working together. 


Organizational Structures 

Effective functioning of a power pool requires 
organizational mechanisms to establish reliabil- 
ity criteria and the responsibilities of each mem- 
ber for designing, constructing, and operating 
bulk power supply facilities. Generally, these 
tasks are accomplished through functional com- 
mittees. The composition, responsibilities, and 
authority of the committees are usually outlined 
in the pooling agreement. In more highly devel- 
oped pools the day-to-day operation, mainte- 
nance, and accounting may be handled by a 
pool manager and other full-time personnel. 


Responsibilities of Pool Membership 


Membership in a formal power pool imposes 
specific responsibilities upon each participant, 
among which are the following: 

1. Providing capacity, either from its own 
system or by purchase, equal to the maxi- 
mum demand of its system plus some 
additional amount for system reserve. 

2. Providing some portion of the operating 
reserve > requirements of the pool either 
from its own resources or by purchase. 


3 Pools having more than 1,500 MW of installed gener- 
ating capacity. 

4 For examples, New England Power Exchange (NEPEX), 
which implements single system dispatch of bulk power 
facilities in New England became operational on June 1, 
1970. NEPEX consists of 11 investor-owned and 2 publicly 
owned utilities. 


3. Maintaining its bulk power system in 
good operating condition. 

4. Providing, operating, maintaining, and 
protecting the transmission and _inter- 
connecting facilities for its own system. 

5. Furnishing, operating, and maintaining 
at its expense regulating facilities ade- 
quate to control frequency and _ inter- 
connection loading within established 
limits. 

Each of the parties must also furnish and 
maintain such communication and telemetering 
facilities as may be necessary. In those instances 
where the power pool has a single control area 
with free-flowing intra-system ties,® each of the 
members is allocated a portion of the expenses 
associated with operating the control area. 


Sharing Reserve Capacity Requirements 


A power pool must have sufficient generating 
Capacity to meet the combined pool load plus 
reserve to cover equipment outages, frequency 
regulation, load swings, errors in forecasting 
loads, and slippage in planning and construc- 
tion schedules. The various pools make specific 
provision for sharing among the pool partici- 
pants the burden of providing this reserve 
margin. There are, in general, two different 
methods of acomplishing this objective. Under 
one, each member is required to maintain a 
specified minimum capacity reserve, usually 
stated in percent of peak load. Under the other, 
existing installed generating capacity is shared 
on an equalized reserve basis. That is, rather 
than each member being responsible for main- 
taining some minimum amount of reserve, the 
reserve capacity of the pool is shared propor- 
tionally among the members. Reserve responsi- 
bility is satisfied by capacity transactions so that 
members with excess capacity resources are com- 
pensated by members having capacity defi- 
ciencies. 


5 Operating reserve is generating capacity in excess of 
load, connected to the system and ready to take load. It 
is normally divided into spinning reserve, which can take 
load immediately and ready or quickstart reserve which 
includes non-spinning generation that can be synchro- 
nized to the system and take load within 10 to 20 min- 
utes. Some coordinating groups consider interruptible. 
load to be a component of operating reserve. 

8 AEP, APS, Michigan, Middle South, New England, 
PJM, and Southern Company power pools. 
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TABLE 17.2 
Members of Formal Coordinating Organizations or Power Pools 


[January 1, 1970] 


NORTHEAST REGION 


New England Power Pool (NEPOOL) ! 


Northeast Utilities ? 

Boston Edison Company 

New England Electric System ? 
Central Maine Power Co. 

The United Illuminating Co. 


Public Service Company of New Hampshire 
Eastern Utilities Associates ? 

New England Gas & Electric Assoc.? 
Central Vermont Public Service Co. 


New York Power Pool (NYPP) 3 


Consolidated Edison Company of N. Y. 
Niagara Mohawk Power Corp. 

Long Island Lighting Company 

New York State Electric and Gas Corp. 


Central Hudson Gas & Electric Corp. 
Rochester Gas and Electric Corp. 
Orange and Rockland Utilities, Inc. 
Power Authority of the State of N. Y. 


Pennsylvania-New Fersey-Maryland Interconnection (PJM) 


Pennsylvania Power & Light Company 
Baltimore Gas and Electric Company 
Potomac Electric Power Company 


Public Service Electric and Gas Company 

Philadelphia Electric Company 

General Public Utilities Corporation 
Metropolitan Edison Company 
Pennsylvania Electric Company 
Jersey Central Power and Light Company 
New Jersey Power & Light Company 


SOUTHEAST REGION 
Carolinas-Virginia Power Pool (CARVA) 4 


Virginia Electric & Power Company 
Carolina Power & Light Company 


Southern Company System (Holding Co.) 


Alabama Power Company 
Georgia Power Company 


Duke Power Company 
South Carolina Electric & Gas Company 


Gulf Power Company 
Mississippi Power Company 


EAST CENTRAL REGION 


American Electric Power System (AEP) (Holding Company) 


Appalachian Power Company 
Indiana & Michigan Electric Co. 
Kentucky Power Company 
Kingsport Power Co. 


Allegheny Power System (APS) (Holding Company) 


Monongahela Power Company 
Potomac Edison Company 
West Penn Power Company 


Central Area Power Coordination Group (CAPCO) 


Cleveland Electric Illuminating Company 
Duquesne Light Company 


Michigan Power Co. 
Sewell Valley Utilities Co. 
Wheeling Electric Co. 
Ohio Power Company 


Ohio Edison System (Holding Company) 
Ohio Edison Company 
Pennsylvania Power Company 

Toledo Edison Company 


I-17-5 


TABLE 17.2—Continued 
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EAST CENTRAL REGION—Continued 


Cincinnati, Columbus, Dayton Pool (CCD) 


Columbus & Southern Ohio Electric Co. 
Dayton Power & Light Co. 
Cincinnati Gas & Electric Co. 


Kentucky-Indiana Power Pool (KIP) 


Indianapolis Power & Light Co. 
Public Service Co. of Indiana 
Kentucky Utilities Company 


Michigan Pool 


Consumers Power Company 
Detroit Edison Company - 


WEST CENTRAL REGION 


Illinois-Missouri Pool 


Central Illinois Public Service Company 
Illinois Power Company 
Union Electric Company 


Upper Mississippi Valley Power Pool 


Cooperatives 
Cooperative Power Association Northern Minnesota Power Assoc. 
Dairyland Power Cooperative Rural Cooperative Power Assoc. 
Minnkota Power Cooperative United Power Association 


Investor-owned Companies 


Interstate Power Company Montana-Dakota Utilities Co. 
Lake Superior District Power Co. Northern States Power Company 
Minnesota Power & Light Company Northwestern Public Service Company 


Otter Tail Power Company 


Iowa Pool 
Iowa Electric Light and Power Co. Iowa Public Service Company 
Iowa-Illinois Gas and Elec. Co. Iowa Southern Utilities Company 
Iowa Power and Light Company Corn Belt Power Cooperative 


Wisconsin Power Pool 


Wisconsin Public Service Corporation 
Wisconsin Power and Light Company 
Madison Gas and Electric Company 


Missouri Basin Systems Group (MBSG) 


U. S. Bureau of Reclamation Nebraska Public Power System 
Basin Electric Power Cooperative Other Members 
Central Power Electric Cooperative 


SOUTH CENTRAL REGION 
Missouri-Kansas Pool (MOKAN) 5 


Empire District Electric Company Kansas Power and Light Company 


Kansas City Power & Light Company Missouri Public Service Company 
Kansas Gas & Electric Company 
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TABLE 17.2—Continued 


SOUTH CENTRAL REGION—Continued 


Middle South Utilities System (Holding Co.) 


Arkansas Power and Light Company 
Louisiana Power and Light Company 


South Central Electric Companies (SCEC) 


Gulf States Utilities Company 
Oklahoma Gas and Electric Company 
New Orleans Public Service Company 
Central Louisiana Electric Company 
Public Service Co. of Oklahoma 
Southwestern Electric Power Company 


Texas Utilities System (Holding Company) 


Dallas Power & Light Company 
Texas Electric Service Company 
Texas Power and Light Company 


Mississippi Power & Light Company 
New Orleans Public Service, Inc. 


Arkansas Power and Light Company 
Louisiana Power and Light Company 
Mississippi Power and Light Company 
Kansas Gas and Electric Company 
Empire District Electric Company 


WEST REGION 


California Power Pool 


Southern California Edison Company 
Pacific Gas and Electric Company 
San Diego Gas & Electric Company 


Pacific Northwest Coordination Agreement 


Bonneville Power Administration 
City of Eugene, Oregon 

City of Seattle, Washington 

City of Tacoma, Washington 
Colockum Transmission Company 
Montana Power Company 

Pacific Power & Light Company 
Portland General Electric Company 


U. Dist. No. 1 of Chelan County, Washington 

U. Dist. No. 1 of Cowlitz County, Washington 

U. Dist. No. 1 of Douglas County, Washington 

U. Dist. No. 1 of Pend Oreille County, Washington 
P. U. Dist. No. 2 of Grant County, Washington 
Puget Sound Power & Light Company 

United States Corps of Engineers 


Washington Water Power Company 


1 Data for the nine systems which initiated NEPOOL studies. As of January 1970, nearly all New England utilities were 
represented in the expanded negotiations which were in process since June 1969. 


? Holding company. 


3 Power Authority of the State of New York takes part in pool planning and operations, but not in commercial trans- 


actions of the pool. 


4 Pooling agreement terminated as of October 20, 1970. 


5 There are also five satellite members: St. Joseph Light & Power Co.; Board of Public Utilities of Kansas City, Kansas; 
City of Independence, Missouri; Central Telephone and Utilities Corp.—Western Power Division; and Associated Electric 


Cooperative, Inc. 


Coordination of Operations 


Most power pools have adopted a spinning 
reserve requirement equal to the size of the 
largest generating unit in operation. In addition, 
there usually is an operating reserve require- 
ment equal to the pool’s second largest unit or a 
fixed percentage of the load. Such capacity need 
not be spinning but must be capable of being 
synchronized and ready to pick up load within 
five to ten minutes. The most common pool 


practice is to distribute operating reserve re- 
sponsibility among members in proportion to 
annual peak demands. In some instances, operat- 
ing reserve is allocated on the basis of the annual 
peak load of each member or a ratio that reflects 
the peak load and the largest unit operated by 
each member. Some of the holding company 
system pools do not attempt to allocate operat- 
ing reserve requirements among the corporate 
affiliates. 
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FORMAL COORDINATING ORGANIZATIONS OR POWER POOLS 


1. New England 8. Central Area Power Coordination 15. Wisconsin 

2. New York 9. Kentucky - Indiana 16. Missouri Basin Systems Group 
3. P-J-M Interconnection 10. Michigan 17. Missouri - Kansas 

4. California 11. Cincinnati, Columbus, Dayton 18. Middle South Utilities System 

5. The Southern Company System 12. Illinois - Missouri 19. Texas Utilities Company System 
6. American Electric Power System 13. lowa 20. South Central Electric Companies 
7. Allegheny Power System 14. Upper Mississippi Valley 21. Pacific Northwest Coordination 


NOTE: Not all systems operating in each of the 21 areas are formal power pool members. 


Figure 17.1 


Power pooling agreements usually provide for 
various types of transactions which taken 
together can achieve a pool generating pattern 
approximating that of a single system. Although 
there are numerous others, two of the most 
common of these transactions are emergency 
service and economy energy transfers. 

Emergency service refers to the obligation of 
a pool member to supply energy to another 
pool member, or to an interconnected utility 
outside the pool, during an emergency outage 
of generation or transmission facilities. In the 
event of an emergency such as an unexpected 


generation outage, interconnections provide in- 
stantaneous assistance which may be furnished 
to the deficient system. by others far beyond the 
boundaries of the power pool. Within seconds 
after an abrupt loss of generation, spinning re- 
serves maintained by pool members begin to 
pick up load and replace the instantaneous as- 
sistance that was provided by loaded on-line 
equipment of pool members or interconnected 
systems. Ten minutes is generally considered a 
reasonable period for accomplishing a return to 
normal loading conditions of external pool ties. 

Economy energy transactions in power pool 
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operations consist of sales of electric energy 
which any one pool party can produce and 
deliver to any other pool participant at an in- 
cremental cost lower than the incremental cost 
the receiving party would incur by generating 
or obtaining equivalent energy from other avail- 
able sources. Pool agreements generally provide 
that a party is entitled to receive economy 
energy only to the extent that such participant 
has alternative dependable capacity available 
that would otherwise be used. Settlement for 
economy energy transactions between parties is 
commonly on a so-called “‘split-savings’” basis 
where incremental, or added, costs of the supply- 
ing party, are subtracted from the decremental, 
or avoided, costs of the receiving party, and the 
difference is equally divided. The savings in- 
curred through economy energy transactions are 
sometimes important elements in the economic 
justification of new interconnections. 

The most sophisticated form of energy inter- 
change is achieved through central economic 
dispatch of the generating resources of the sys- 
tems comprising the pool. In this way, the com- 
bined generation of the pool can be operated 
to meet the combined pool loads at all times 
at the least cost, including the cost of trans- 
mission losses. A central dispatching headquart- 
ers must be established and arrangements made 
for the control of the various generating units 
and pool ties. 


Coordination of Planning 


The formation of a power pool is only one 
step in establishing an efficient bulk power sup- 
ply system. The greater the degree of coordi- 
nated planning, the more management must sub- 
ordinate its individual decisions relating to the 
bulk power supply. To some utility managers, 
this is a major obstacle to increased coordina- 
tion, particularly in the early stages of a power 
pool. Also, corporate rate-base requirements, 
difficulty in allocating transmission system costs 
between power pool and individual system func- 
tions, reluctance to relinquish a particularly 
desirable generating site by one member for use 
of the entire pool, and a host of complex legal 
and organizational problems, including the ap- 
portionment of benefits among members of dis- 
parate size, are factors which have deterred some 
pools from attaining fully coordinated planning. 


There is, however, a trend toward area-wide 
coordination. 


Informal Coordinating Organizations 
or Power Pools 


There are at least 13 informal organizations 
of utilities in the contiguous United States which 
are structured to emphasize some limited aspects 
of inter-system coordination. These coordinating 
groups are informal in the sense that no mem- 
ber is contractually obligated to undertake any 
specific course of action or to provide any kind 
of service to other members. The groups are 
usually concerned primarily either with plan- 
ning or operation, although some are active in 
both. The geographic areas covered by these 
groups are shown in figure 17.2. Table 17.3 lists 
each group, its acronym, and the individual 
members. Twenty-four individual systems, as 
shown in table 17.4, are members of two or more 
informal coordinating groups. 


Planning Organizations 

Only four of the 13 informal coordinating 
organizations are oriented essentially toward 
planning. As described in the following para- 
graphs, they serve different functions, but each 
provides a forum where members can explore 
the potential benefits of coordinated planning. 

The primary purpose of Associated Mountain 
Power Systems (AMPS) is to study transmission 
interconnections with a view toward more 
efficient utilization of existing and planned gen- 
erating capacity. As a result of these activities, 
members have contracted to build substantial 
transmission and interconnection facilities on a 
jointly planned basis. 

In the Pacific Northwest, the Joint Power 
Planning Council (JPPC) has developed a coor- 
dinated power supply plan for installation of 
the large thermal base load and hydroelectric 
peaking plants that will be needed to meet the 
power requirements of the area through 1981. 
Commitments have been made for installing 
four thermal plants with a combined capacity of 
5,100 megawatts. Two will be jointly owned by 
investor-owned and publicly owned utilities, one 
will be jointly owned by two investor-owned 
utilities, and the other will be owned solely by 
the Washington Public Power Supply System 
(WPPSS) . Ninety-five cooperatives, municipals, 
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INFORMAL COORDINATING GROUPS 


Associated Mountain Power Systems 
Colorado Power Pool 

Colorado Systems Coordinating Council 
Florida Operating Committee 

Joint Power Planning Council 
Mid-Continent Area Power Planners 


1. 
2. 
3. 
4. 
2. 
6. 


NOTE: Area boundaries are only general; not all systems 
within a boundary are members of the designated organizations 


January 1, 1970 


. New Mexico Power Pool 
8. Northwest Power Pool 
9. Rocky Mountain Power Pool 
10. Southern California Municipal Group 
11. The Intercompany Pool 
12. Western Energy Supply & Transmission Associates 
13. Wisconsin Upper Michigan Systems 


- Figure 17.2 


and public utility districts have contracted with 
WPPSS to purchase the output of this 1,100 
megawatt plant. Three additional thermal plants 
of about 1,100 megawatts each probably will be 
jointly owned by investor and publicly owned 
utilities. Bonneville will obtain power from a 
number of the plants through contracts with 
public systems having ownership and/or pur- 
chase of output rights. Federal systems are ex- 
pected to install 8,000 megawatts of hydroelec- 
tric peaking capacity, mostly at existing dams. 
Mid-Continent Area Power Planners (MAPP) 
develops broad plans for expansion of gen- 
eration and high capacity interconnections to 


reduce the cost and improve the reliability of 
electric service. Detailed planning for specific fa- 
cilities is performed by individual systems or 
sub-area groups that will build and operate 
them; however, MAPP sponsors studies to deter- 
mine generation reserve requirements and the 
savings available from coordinated operation. 
MAPP has a coordination center to improve the 
reliability and efficiency of day-to-day operations 
and to provide a focal point for emergency ac- 
tion when needed. MAPP is exploring proce- 
dures and organizational mechanisms to facili- 
tate the formation of a large regional power 
pool. 
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TABLE 17.3 


Informal Coordinating Organizations or Power Pools 


[January 1, 1970] 


PLANNING ORGANIZATIONS AND THEIR MEMBERS 


Associated Mountain Power Systems (AMPS) 


Idaho Power Co. Utah Power & Light Co. 
Montana Power Co. Washington Water Power Co. 
Pacific Power & Light Co. 


Total 5 Systems 
Joint Power Planning Council (JPPC) 


Pacific Power & Light Company Washington Water Power Co. 
Portland General Electric Co. Bonneville Power Administration 
Puget Sound Power & Light Co. Publicly Owned Utilities in Oregon, Washington, 


Idaho and Montana (104 Systems) 
Total 109 Systems 


Mid-Continent Area Power Planners (MAPP) 


Black Hills Power & Light Co. Upper Mississippi Valley Power Pool 
Northwestern Wisconsin Electric Co. Cooperatives 
Omaha Public Power District Cooperative Power Association 
Nebraska Public Power District Dairyland Power Cooperative 
Central Iowa Power Cooperative Minnkota Power Cooperative 
Eastern Iowa Light & Power Coop. Northern Minnesota Power Assoc. 
Iowa Power Pool Members Rural Cooperative Power Assoc. 
Iowa Electric Light and Power Co. 
Iowa-Illinois Gas and Electric Co. Investor-owned Companies 
Iowa Power and Light Co. Interstate Power Company 
Iowa Public Service Co. Lake Superior District Power Co. 
Iowa Southern Utilities Co. Minnesota Power & Light Company 
Corn Belt Power Cooperative Montana-Dakota Utilities Company 
Union Electric Company Northern States Power Company 
Municipal Systems in Nebraska, South Dakota, Iowa Northwestern Public Service Co. 
and Minnesota (28 Systems) Otter Tail Power Company 


Manitoba Hydro-Electric Board 
Total 54 Systems 


Western Energy Supply & Transmission Associates (WEST) 


Arizona Public Service Co. Arizona Power Authority 

Los Angeles Dept. of Water & Power Burbank Public Service Dept. 

El Paso Electric Co. City of Colorado Springs 

Nevada Power Co. Colorado-Ute Electric Association, Inc. 
Public Service Company of Colorado Glendale Public Service Department 

San Diego Gas & Electric Co. Imperial Irrigation District 

Sierra Pacific Power Co. Pacific Power & Light Co. 

Southern California Edison Co. Pasadena Municipal Light & Power Dept. 
Tucson Gas & Electric Co. Plains Electric G.&T. Coop., Inc. 

Utah Power & Light Co. Salt River Project 

Arizona Electric Power Coop. Central Telephone & Utilities Corp. (Southern Colo. 
Public Service Co. of New Mexico Power Div.) 


Total 23 Systems 
OTHER INFORMAL COORDINATING GROUPS AND THEIR MEMBERS 


Colorado Power Pool (COLOPP) 


Public Service Company of Colorado 
City of Colorado Springs 
Southern Colorado Power Div. of C.T.U. 


Total 3 Systems 
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TABLE 17.3—Continued 


OTHER INFORMAL COORDINATING GROUPS AND THEIR MEMBERS—Continued 


The Intercompany Pool (INTERPOOL) 


Pacific Power & Light Company Puget Sound Power & Light Co. 
Portland General Electric Co. Washington Water Power Co. 


Total 4 Systems 


Southern California Municipal Group (SCMG) 


Los Angeles Department of Water and Power Burbank Public Service Dept. 
Glendale Public Service Dept. Pasadena Municipal Light & Power Dept. 


Total 4 Systems 


Colorado Systems Coordinating Council (CSCC) 


Central Municipal Light & Power System Loveland Electrical Department 
Colorado Springs Dept. of Public Utilities City of Trinidad 

Town of Estes Park Colorado-Ute Electric Assoc., Inc. 
Fort Collins Light & Power Department Arkansas Valley G. & T., Inc. 

City of Fort Morgan Tri State G. & T. Assoc., Inc. 
Glenwood Springs Municipal Elec. System Home Light & Power Co. 

Julesburg Power & Light Department Public Service Company of Colorado 
La Junta Municipal Utilities Central Telephone & Utilities Corp. (Southern Colo. 
Utilities Board of the City of Lamar Power Div.) 

Las Animas Municipal Light & Power System Western Colorado Power Co. 

City of Longmont USBR 


Total 21 Systems 


Florida Operating Committee 
Florida Power & Light Co. Tampa Electric Co. 


Florida Power Corp. City of Jacksonville 
Orlando Utilities Commission 


Total 5 Systems 


Wisconsin-Upper Michigan Systems (WUMS) 


Wisconsin-Michigan Power Co. Wisconsin Power Pool (3 Systems) 
Upper Peninsula Power Co. Wisconsin Electric Power Co. 


Total 6 Systems 


Rocky Mountain Power Pool (RMPP) 


Public Service Company of Colorado Utah Power & Light Company 
Pacific Power & Light Co. Black Hills Power & Light Co. 
USBR Regions 4 and 7 Tri-State G. & T. Assoc., Inc. 
Montana Power Co. Colorado-Ute Elec. Association, Inc. 
Consumers Public Power District Cheyenne Light, Fuel & Power Co. 
Southern Colorado Power Division of C.T.U. Western Colorado Power Co. 


City of Colorado Springs 
Total 13 Systems 


New Mexico Power Pool (NMPP) 


Community Public Service Company Public Service Company of New Mexico 
El Paso Electric Company USBR Rio Grande Project 
Plains Electric G. & T. Coop. 


Total 5 Systems 
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TABLE 17.3—Continued 


OTHER INFORMAL COORDINATING GROUPS AND THEIR MEMBERS—Continued 
Northwest Power Pool (NWPP) 


Bonneville Power Administration P.U.D. No. 2 of Grant County 

Eugene Water & Electric Board Seattle Department of Lighting 

Idaho Power Co. Tacoma Public Utilities (Lt. Div.) 
Montana Power Co. Utah Power & Light Co. 

Pacific Power & Light Co. Washington Water Power Co. 

Portland General Electric Co. British Columbia Hydro & Power Authority 
Puget Sound Power & Light Co. West Kootenay Power & Light Co. 

P.U.D. No. 1 of Chelan County Corps of Engineers-North Pacific Div. 
P.U.D. No. 1 of Douglas County USBR-BPA (Southern Idaho) 


Total 18 Systems 


TABLE 17.4 


Multiple Memberships in Informal Coordinating Organizations or Power Pools 
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MAPP 


Western Energy Supply & Transmission Asso- 
ciates (WEST) is concerned primarily with 
achieving a more efficient use of energy re- 
sources within its geographic area. WEST nei- 
ther constructs nor owns facilities but works 
with power suppliers within the area and in ad- 
jacent areas to coordinate system planning, uti- 
lize diversity, and reduce reserve capacity re- 
quirements. These activities have enabled 
several members to obtain economies of scale 
through participation in jointly owned generat- 
ing plants and the construction of EHV trans- 
mission facilities. 


Other Informal Coordinating Groups 


The nine other informal coordinating groups, 
all in the southern or western parts of the coun- 
try, generally limit their coordination activities 
to matters affecting system operation and service 
continuity. One delegates responsibility for dis- 
patching to the member with the largest load. 
Most carry out cooperative studies of system sta- 
bility and emergency load reduction procedures. 
Some gather data on system operations; make 
studies of system operation, interconnections, 
and the construction of bulk power facilities; re- 
view operating procedures to determine con- 
formity with adopted recommendations; and 
recommend new or modified operating policies 
to insure closer coordination. One of the groups 
has established an Operating Committee to co- 
ordinate maintenance schedules to assure sufh- 
cient pool reserve capacity at all times; review 
load growth, maintenance work, and new con- 
struction on a bi-monthly schedule; and periodi- 
cally review and coordinate relay settings which 
affect bulk power system reliability. Another al- 
locates to each of its members a portion of the 
spinning and operating reserves required for the 
group as a whole in accordance with a pre-deter- 
mined formula. Still another pool develops prin- 
ciples and procedures for controlling system fre- 
quency, interchange scheduling and accounting, 
maintenance scheduling, relay settings, commu- 
nication systems, operating reserves, reactive re- 
sources, and, during low water periods, sched- 
uling operations hydroelectric 
generation. 


to optimize 


Electric Reliability Councils 


Intensive studies of the Northeast Power Fail- 
ure in 1965 demonstrated that, within the then- 


existent technology, individual system condi- 
tions could and did affect the interconnected 
system well beyond the boundaries of the prob- 
lem area. It became clear that area and regional 
planning and coordination on a scale and in a 
depth that had not been practiced theretofore 
was required for reliable operation. 

Utilities were quick to respond to this new 
challenge by initiating action to upgrade system 
facilities and to strengthen mechanisms for area 
and regional coordination. Two months after 
the disturbance, the major utility systems in 
New York and New England and the Hydro- 
Electric Power Commission of Ontario formed 
the Northeast Power Coordinating Council 
(NPCC) which was primarily concerned with 
improving the adequacy and reliability of bulk 
power supply. 

The following year, the Federal Power Com- 
mission’s Industry Advisory Committee on Reli- 
ability of Bulk Power Supply singled out re- 
gional coordination as “the most effective and 
economical means for assuring bulk power sup- 
ply reliability for the Nation” ’. Concurring 
with this view, the Commission recommended 
that “. . . strong regional organizations need to 
be established throughout the Nation for coordi- 
nating the planning, construction, operation 
and maintenance of bulk power supply” *. By 
the end of 1967, utilities had voluntarily estab- 
lished five coordinating councils to improve 
power supply reliability within their respective 
regions. 

In June 1968, the industry took a further step 
in self-organization by forming the National 
Electric Reliability Council (NERC) to encour- 
age improvement of coordination at both the re- 
gional and national levels. Its stated purposes 
are to: 

1. Encourage and assist the development of 
inter-regional reliability arrangements 
among regional organizations, for their 
members; 

2. Exchange information on planning and 
operation matters relating to the relia- 
bility of bulk power supply; 

3. Review periodically regional and inter- 
regional activities on reliability; 


7 FPC Prevention of Power Failures, Vol. II, July 1967, 
Pec 

8 FPC Prevention of Power Failures, Vol. II, July 1967, 
p. 88. 
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4. Provide independent reviews of inter- 
regional matters referred to it by a 
regional organization; and 

5. Provide information to the FPC and 
other Federal agencies 

These five purposes are being reappraised pe- 
riodically so that NERC can respond to the 
changing needs of regional councils, Govern- 
mental agencies, and the general public. 

The 12 founder organizations of NERC con- 
sisted of the five regional coordinating councils 
plus three planning groups, two power pools, 
one investor-owned utility, and one large Fed- 
eral electric system. 

At the outset, utilities associated with NERC 
covered most of the contiguous United States. 
The only major geographic areas not repre- 
sented were eastern New Mexico, extreme west- 
ern Kansas, the Oklahoma Panhandle, the 
Texas Panhandle, southern Florida, and north- 
ern Maine. NERC-associated utilities in the con- 
tiguous United States had 239,981 megawatts of 
generating capacity and those in Canada 11,390 
megawatts. Approximately 550 utilities with 
25,000 megawatts or 10 percent of utility owned 
generating capacity in the contiguous states 
were not directly represented by the organiza- 
tions which founded NERC. 


Strengthened Reliability Councils 


Following the formation of NERC, industry 
efforts were intensified to form new reliability 
councils and to expand membership in existing 
ones. The larger utilities in MAPP organized a 
separate reliability council and appointed a 
committee to formulate regional reliability crite- 
ria. By June 1969, parties to the Mid-Continent 
Area Reliability Council Agreement (MARCA) 
included 22 MAPP members and the Bureau of 
Reclamation. At the time NERC was formed, 
Missouri Basin Systems Group (MBSG), with 
2,800 megawatts of generating capacity, was the 
only major power pool not represented. How- 
ever, with the Bureau’s membership in 
MARCA, MBSG achieved participation in relia- 
bility activities at both the regional and na- 
tional levels. In January 1970, MARCA was ad- 
mitted to membership in the National Electric 
Reliability Council as a successor to MAPP. 

Broader regional participation is also being 
encouraged by other councils. During 1969, both 
the Northeast Power Coordinating Council and 


the Western Systems Coordinating Council es- 
tablished an Associate or Affiliate Member classi- 
fication which permits municipal and other 
small systems to participate in council activities 
on a limited basis and with limited financial ob- 
ligation. The Mid-Atlantic Area Coordination 
and the Mid America Interpool Network Agree- 
ments have been revised to include a similar 
provision. Also, members of the East Central 
Area Reliability Coordination Agreement 
(ECAR) instituted an agreement in April 1970 
for indirect participation in ECAR by non-mem- 
ber utilities in the region through the formation 
of a Liaison Committee. In January 1970, the 
Southeastern Electric Reliability Council (SERC) 
was established. Every utility in the Southeast 
Region connected to the transmission grid and 
having at least 25 megawatts of generating capac- 
ity is eligible for council membership. Distribu- 
tion systems throughout the region are repre- 
sented by eight associate members. SERC is a 
successor to individual membership in NERC by 
CARVA Power Pool, Florida Power Corpora- 
tion, Southern Company, and TVA. 

The Electric Reliability Council of Texas 
(ERCOT) , with membership extended to every 
electric system within Texas engaged solely in 
intrastate commerce, became a member of 
NERC in August 1970, replacing the Texas In- 
terconnected System. The affairs of the Council 
are administered by an Executive Board of 12 
representatives selected to provide representa- 
tion from investor-owned, Federal, State, munic- 
ipal, and cooperative systems. At the end of 
1970, ERCOT had a membership of 83 systems 
consisting of 32 municipalities, 42 cooperatives, 
8 investor-owned, and 1 State agency. Liaison 
with the State of Texas is now provided through 
the State’s Railroad Commission. 

In December 1969, Southwest Power Pool 
(SPP) strengthened its reliability activities by 
establishing a committee with the responsibility 
to coordinate planning and operating matters 
and to develop reliability criteria for inter-re- 
gional planning. At the same time, membership 
requirements were modified so that any electric 
utility having at least one interconnection with 
the SPP transmission grid is eligible. Three co- 
operative and four publicly owned systems with 
a total of more than 1,500 megawatts of generat- 
ing capacity became new members as soon as 
the modified agreement went into effect. Addi- 
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tional systems, principally in an area of west 
Texas not now covered by a reliability council, 
will become eligible for SPP membership in 
1972, upon completion of a new 230 kilovolts 
transmission line from Elk City, Oklahoma, to 
Amarillo, Texas. 

Thus, substantial progress in self-organization 
and consolidation has been achieved by the elec- 
tric utility industry since the National Electric 
Reliability Council was formed in June 1968. 
The existing nine regional councils include vir- 
tually all major electric utilities in the 48 con- 
tiguous States and each council has established a 
mechanism to provide for direct or indirect par- 
ticipation by the smaller electric utilities within 


its boundaries. The approximate geographic 
boundaries of the councils are shown on figure 
17.3. The generating resource totals reported by 
each council are listed in table 17.5 and the in- 
dividual members of each council are shown in 
table 17.6. 

None of the reliability councils has authority 
to make decisions involving the planning or in- 
stallation of new bulk power facilities, but most 
have a formal review and approval role. Seven 
reliability councils have adopted criteria for 
testing the design and operation of existing and 
proposed bulk power facilities and the other 
two have established committees to formulate 
such criteria. Several councils have adopted pro- 


NATIONAL ELECTRIC RELIABILITY COUNCIL REGIONS 


Canadian Portions Not Included 


WSCC Western Systems 
Coordinating Council 
MARCA Mid-Continent Area Reliability 
Coordination Agreement 
SPP Southwest Power Pool 
ERCOT _ Electric Reliability Council Of Texas 
MAIN Mid-America Interpool Network 


NPCC 


Northeast Power 
Coordinating Council 


MAAC Mid-Atlantic Area 
Coordination Group 


ECAR _ East Central Area Reliability 


Coordination Agreement 


SERC Southeastern Electric 
Reliability Council 


Figure 17.3 
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TABLE 17.5 


Organizations Comprising the 
National Electric Reliability Council 


Regional Organizations Resources 


Winter of 1970 


(Megawatts) 

East Central Area Reliability Coordination 

PA preCMMent lin lero: cates eee sa) she 
Electric Reliability Council of Texas 

(EER COT Saetiaes 4h 255 ORES ad ss 20, 942 
Mid-Atlantic Area Coordination Group 

(MAACGIN. os os womentsiae’ esp sp obeaith ts 29,151 
Mid America Interpool Network (MAIN). 28,157 
Mid-Continent Area Reliability Coordina- 

tion Agreement (MARCA)........... 2 309 
Northeast Power Coordinating Council 

MIN POG.) Seer aris cue: cing 5 aeearct ie Gateuaens Oe sd 2 35,084 
Southeastern Electric Reliability Council 

CSER Cire ecag ese Rea PEAS aril. secees 62,411 
Southwest Power Pool Coordination Agree- 

THEN tl (SEE) Meese ae oe oie aa dcisicn 7 25,413 
Western Systems Coordinating Council 

RVC) ) io Bich Mars sais oh osnyaycy% ‘gies 3 62,685 


Source: Reliability Council Reports to FPC. 


1 Resources of Manitoba Hydro-Electric Board, Canada, 
not reported. 

? Excludes resources of Ontario Hydro-Electric Commis- 
sion, Canada, which are reported to be 11,908 MW. 

3 Excludes resources of the two Canadian members, 
British Columbia Hydro & Power Authority and West 
Kootenay Power & Light Co., which are reported to be 
3,426 MW and 698 MW,, respectively. 


cedures for reporting by members of uniform 
compatible data on load estimates, scheduled 
maintenance, power exchanges, and installed re- 
serve margins. A few have developed guides and 
regionally coordinated programs covering daily 
operating reserve margins, emergencies on the 
interconnected system, uniform rating of gener- 
ating equipment, and principles of relaying. 
Some regional councils have established environ- 
mental committees to encourage more effective 
consideration of environmental matters in the 
siting, construction, and operation of major fa- 
cilities. 

NERC programs are carried out by the Exec- 
utive Board and a Technical Advisory Commit- 
tee (TAC) made up of officials and specialists 
from a membership that is broadly representa- 
tive of electric utilities throughout the United 
States. TAC has responsibility for review and 


appraisal of inter-regional reliability coordina- 
tion, technical advisory and informational ex- 
change functions, liaison with the North Ameri- 
can Power System Interconnection Committee 
(NAPSIC), and special projects relating to co- 
ordination of planning and operation. 


Statement of Policy-——FPC Docket No. R-362 

The Commission’s Statement of Policy on Re- 
liability and Adequacy of Electric Service, Order 
No. 383-2 (Docket No. R-362) , issued April 10, 
1970, is intended to implement fully the volun- 
tary aspects of Section 202(a) of the Federal 
Power Act,® and to encourage utilities through- 
out the Nation to continue to strengthen the re- 
liability councils and develop more effective 
bulk power supply programs. The Commission 
Order requested participation by the staffs of 
the Commission and appropriate state commis- 
sions as non-voting participants in the principal 
meetings of NERC and the regional councils, 
and requested regional councils to report the 
projection of loads and coordinated bulk power 
supply programs on a ten-year basis. It also re- 
quested reports on the status of consultations 
with affected groups and appropriate local, 
State, and Federal authorities regarding the en- 
vironmental impact of proposed major facilities, 
and information on load flow studies, network 
stability analyses, principal communication and 
control systems, and coordinated regional pro- 
grams pertaining to provisions for emergencies, 
scheduled maintenance outages of major facili- 
ties, and other matters which affect the overall 
reliability of the interconnected network. Initial 
reports were filed as of September 1, 1970, and 
the second report from each council was filed on 
April 1, 1971. Future reports to be filed on 
April 1 of each year will provide opportunity 
for updating the power supply programs in the 
ten-year framework to reflect revisions in load 


9 Section 202(a) of the Federal Power Act states that 
for the purpose of assuring an abundant supply of elec- 
tric energy throughout the United States with the great- 
est possible economy and with regard to the proper uti- 
lization and conservation of natural resources, the 
Commission is empowered and directed to divide the 
country into regional districts for the voluntary inter- 
connection and coordination of facilities for the genera- 
tion, transmission, and sale of electric energy. Further, it 
shall be the duty of the Commission to promote and en- 
courage such interconnection and coordination within 
each such district and between such districts. 
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TABLE 17.6 


Individual Members of Regional Reliability Councils ' 


Northeast Power Coordinating Council (NPCC) 
Boston Edison Co. 
Burlington Electric Light Dept. 
Central Hudson Gas & Electric Corp. 
Central Maine Power Co. 
Central Vermont Public Service Corp. 
Consolidated Edison of N. Y., Inc. 
Eastern Utilities Associates 
Green Mountain Power Corp. 
Hydro-Electric Power Comm. of Ontario 
Long Island Lighting Co. 


Mid-Continent Area Reliability Coordination Agreement (MARCA) 


Basin Electric Power Cooperative 
Black Hills Power and Light Co. 
Central Iowa Power Coop. 
Cooperative Power Assoc. 

Corn Belt Power Coop. 
Dairyland Power Coop. 

Eastern Iowa Light and Power Coop. 
Interstate Power Co. 

Iowa Electric Light & Power Co. 
Iowa-Illinois Gas & Electric Co. 
Iowa Power and Light Co. 

Iowa Public Service Co. 

Iowa Southern Utilities Co. 


Associates: Union Electric Co. 


Manitoba Hydro-Electric Board of Canada 


Southwest Power Pool Agreement (SPP) 
Arkansas-Electric Coop. Corp. 
Arkansas-Missouri Power Co. 

Arkansas Power & Light Co. 

Associated Electric Coop., Inc. 

Board of Public Utilities, Kansas City, Kan. 
Central Louisiana Electric Co., Inc. (The) 


City Power & Light Dept., Independence, Mo. 


City Utilities of Springfield, Missouri 
Empire District Electric Co. (The) 
Grand River Dam Authority 

Gulf States Utilities Company 
Kansas City Power & Light Co. 
Kansas Gas and Electric Co. 

Kansas Power & Light Co. (The) 


Mid-Atlantic Area Coordination Agreement (MAAC) 
Atlantic City Electric Co. 
Baltimore Gas and Electric Co. 
Delmarva Power & Light Co. 
Jersey Central Power & Light Co. 
Metropolitan Edison Co. 
New Jersey Power & Light Co. 
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New England Electric System 

New England Gas & Electric Assoc. 

New York State Electric & Gas Corp. 
Niagara Mohawk Power Corp. 

Northeast Utilities 

Orange and Rockland Utilities, Inc. 

Power Authority of the State of New York 
Public Service Company of New Hampshire 
Rochester Gas and Electric Corp. 

The United Illuminating Company 


Lake Superior District Power Co. 
Minnesota Power & Light Co. 
Minnkota Power Coop., Inc. 
Montana-Dakota Utilities Co. 
Nebraska Public Power District 
Northern Minnesota Power Association 
Northern States Power Co. 
Northwestern Public Service Co. 
Omaha Public Power District 
Otter Tail Power Co. 

Rural Coop. Power Association 
U. S. Bureau of Reclamation 


Louisiana Power & Lt. Co. 
Mississippi Power & Light Co. 
Missouri Edison Co.? 

Missouri Power & Light Co.’ 
Missouri Public Service Co. 
Missouri Utilities Company 

New Orleans Public Service, Inc. 
Oklahoma Gas & Electric Co. 
Public Service Co. of Oklahoma 
St. Joseph Light & Power Co. 
Southwestern Electric Power Co. 
Southwestern Power Administration 
Western Farmers Electric Coop. 
Western Power Division—CT & U 


Pennsylvania Electric Co. 
Pennsylvania Power & Light Co. 
Philadelphia Electric Co. 

Potomac Electric Power Co. 

Public Service Electric and Gas Co. 
UGI Corp. 


Southeastern Electric Reliability Council (SERC) 


Alabama Electric Cooperative 
Alabama Power Company 
Carolina Power & Light Co. 
City of Tallahassee 

Crisp County Power Commission 
Duke Power Company 

Florida Power Corporation 
Florida Power & Light Co. 
Georgia Power. Co. 

Gulf Power Co. 

Jacksonville Electric Authority 
Lakeland Dept. of Elec. & Water 


TABLE 17.6—Continued 


East Central Area Reliability Coordination Agreement (ECAR) 


Appalachian Power Co. 
Cincinnati Gas & Electric Co. 
Cleveland Electric Hluminating Co. 


Columbus & Southern Ohio Electric Co. 


Consumers Power Co. 

Dayton Power & Light Company 
Detroit Edison Company 

Duquesne Light Company 

East Kentucky Rural Electric Coop. 
Indiana-Kentucky Electric Corp. 
Indiana & Michigan Elect. Co. 
Indianapolis Power & Light Co. 
Kentucky Power Company 


Mid-America Interconnected Network (MAIN) 


Associated Electric Coop., Inc.® 
Central Illinois Light Company 
Central Illinois Public Service Co. 


City Water Light & Power, Springfield, Ill. 


Commonwealth Edison 
Illinois Power Company 
Interstate Power Company ° 


Iowa Electric Light & Power Company 4 


Iowa-Illinois Gas & Electric Co.4 
Iowa Power & Light Company 4 


Electric Reliability Council of Texas (ERCOT) 


B-K Electric Coop., Inc. 
Baird, City of 

Bartlett Electric Coop., Inc. 
Bluebonnet Elec. Coop., Inc. 
Boerne Utilities 

Bowie, City of 

Brady Water & Light Works 
Brazos Elec. Power Coop., Inc. 
Brenham Municipal Utilities 
Brownsville, City of 

Bryan, City of 

Cap Rock Elec. Coop., Inc. 
Central Power & Light Company 
City of Austin 


City Public Service Board (San Antonio) 


Coleman, City of 

Comanche County Elec. Coop. Assoc. 
Community Public Service Company 
Crosbyton, City of 


356-238 O - 72 - 22 
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Mississippi Power Co. 

Nantahala Power & Light Co. 
Orlando Utilities Commission 
Savannah Electric & Power Co. 
South Carolina Electric & Gas Co. 
South Carolina Public Service Authority 
Southeastern Power Administration 
Tampa Electric Co. 

Tapoco, Inc. 

Tennessee Valley Authority 
Virginia Electric & Power Co. 
Yadkin, Inc. 


Kentucky Utilities Company 
Louisville Gas & Electric Company 
Monongahela Power Company 
Northern Indiana Public Service Co. 
Ohio Edison Company 

Ohio Power Company 

Ohio Valley Electric Corp. 
Pennsylvania Power Company 
Potomac Edison Company 

Public Service Co. of Indiana 
Southern Indiana Gas & Electric Co. 
Toledo Edison Co. 

West Penn Power Company 


Iowa Public Service Co. 

Iowa Southern Utilities Co.4 
Madison Gas and Electric Co. 
Northern States Power Co.4 

Union Electric Company 

Upper Peninsula Power Co. 
Wisconsin Electric Power Company 
Wisconsin-Michigan Power Company 
Wisconsin Power and Light Company 
Wisconsin Public Service Corp. 


Cuero Electric Dept. 

Dallas Power & Light Company 
Deep East Texas Elec. Coop., Inc. 
Denton Municipal Utilities 

Denton County Elec. Coop., Inc. 
DeWitt County Elec. Coop., Inc. 
Fannin County Elec. Coop., Inc. 
Farmers Electric Coop., Inc. 
Fayette Electric Coop., Inc. 
Garland, City of 

Giddings, City of 

Goldthwaite, City of 

Gonzales Electric District System 
Grayson-Collin Elec. Coop., Inc. 
Greenville Municipal Utilities 
Guadalupe Valley Elec. Coop., Inc. 
Jackson Electric Coop., Inc. 
Jasper-Newton Electric Coop., Inc. 
Johnson County Electric Coop. Assn. 


TABLE 17.6—Continued 


Electric Reliability Council of Texas (ERCOT )—Continued 


Kaufman County Electric Coop., Inc. San Patricio Electric Coop., Inc. 
Kimble Electric Coop., Inc. Schulenburg, City of 

LaGrange, City of Seguin, City of 

Lamar County Electric Coop. Assn. Shiner, Light & Water Department 
Limestone County Elec. Coop., Inc. Southwestern Electric Service Co. 
Livingston, City of South Texas Elec. Coop., Inc. 
Lockhart Utilities Southwest Texas Elec. Coop., Inc. 
Lower Colorado River Authority Stamford Electric Coop., Inc. 
Luling Utilities Teague, City of 

Magic Valley Electric Coop., Inc. Hamilton County Elec. Coop. Assn. 
McCulloch Electric Coop., Inc. Hearne Municipal Plant 
McLennan County Electric Coop., Inc. Hemphill Electric Department 
Medina Electric Coop., Inc. Hill County Electric Coop., Inc. 
Mid-South Electric Coop. Assn. Houston Lighting & Power Company 
Midwest Electric Coop., Inc. ; Hunt-Collin Elec. Coop., Inc. 
Navarro County Electric Coop., Inc. Texas Electric Service Co. 

New Braunfels Utilities Texas Power & Light Co. 

New Era Electric Coop., Inc. Tri-County Electric Coop., Inc. 
Nueces Electric Coop., Inc. Tulia Light & Power Plant 
Robertson Electric Coop., Inc. Weimar, City of 

Robstown, City of West Texas Utilities 

Sam Houston Electric Coop., Inc. Wise Electric Cooperative, Inc. 


San Bernard Electric Coop., Inc. 


Western Systems Coordinating Council (WSCC) 


Arizona Power Authority Nebraska Public Power District 4 

Arizona Public Service Co. Nevada Power Company 

Bonneville Power Administration Pacific Gas & Electric Co. 

British Columbia Hydro & Power Authority Pacific Power & Light Company 

California Dept. of Water Resources Portland General Electric Co. 

Central Telephone & Utilities (South Colorado Power Public Service Company of Colorado 
Division) Public Service Company of New Mexico 

Chelan County P.U.D. No. 1 Puget Sound Power & Light Co. 

City of Glendale, Public Service Dept. Sacramento Municipal Utility District 

City of Tacoma, Dept. Public Utilities Salt River Project 

City of Seattle Dept. of Lighting San Diego Gas & Electric Co. 

Cowlitz County P.U.D. No. 1 Sierra Pacific Power Company 

Colorado—Ute Electric Association, Inc. Southern Calif. Edison Company 

Douglas County P.U.D. No. 1 Tri-State G&T Association 

El Paso Electric Company Tucson Gas & Electric Company 

Eugene Water & Electric Board U. S. Bureau of Reclamation 

Grant County P.U.D. No. 2 U. S. Corps of Engineers 

Idaho Power Company Utah Power & Light Company ~ 

Los Angeles Department of Water & Power Washington Water Power Company 

Metropolitan Water Dist. of South Calif. West Kootenay Power & Light Company 


Montana Power Company 


1 Membership reported by all electric reliability councils as of September 1, 1970, except for the Electric Reliability 
Council of Texas which is reported as of November 20, 1970. 

* Also members of MAIN through their parent company, Union Electric Company. 

3 Also member of SPP. 

* Also member of MARCA. 

5 Member of MARCA. Resigned membership in MAIN as of June 30, 1971 
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estimates, new developments and resources, and 
the resolution of environmental issues. 


North American Power Systems 
Interconnection Committee 


In April 1962, representatives of intercon- 
nected systems throughout the United States 
and eastern Canada met at Omaha, Nebraska, 
and laid the groundwork for an international 
organization to coordinate the operation of a 
looming coast-to-coast interconnected network. 
This led to formation of the North American 
Power Systems Interconnection Committee 
(NAPSIC) which held its first meeting in Janu- 
ary 1963. NAPSIC is a voluntary organization of 
operating personnel representing ten intercon- 
nected Operating Areas. Although the geo- 
graphic boundaries of a few of the Operating 
Areas have been adjusted since 1963, the num- 


ber has remained the same. The areas, as of 
January 1, 1970, are shown on figure 17.4. 


Purpose and Scope 

At the outset, the principal goals NAPSIC set 
for itself were to coordinate frequency, operat- 
ing criteria related to time error, and tie-line 
bias settings. Its first Operating Manual was 
published in September 1964. By January 1968, 
the number of guides included in the Operating 
Manual had increased from 9 to 20. The guides 
establish general criteria which, although not 
explicit enough to be used as detailed specifica- 
tions for system operation, enunciate generally 
accepted principles and codify minimum operat- 
ing criteria for coordinated operation. 

The purpose and scope of NAPSIC were re- 
stated during 1969 to recognize the accelerating 
pace of interconnections and the increased coor- 


NORTH AMERICAN POWER SYSTEMS INTERCONNECTION COMMITTEE AREAS 
January 1, 1970 


ROCKY REGION 
MOUNTAIN 
POWER 


POOL 


ARIZ-N. Mey SYSTEMS 
INTERCONNECTED 


SYSTEMS 


A—Southwestern Public Service Company System 
B—Electric Reliability Council of Texas 


Areas A and B are represented in NAPSIC by the South 
Central Systems, but are not in synchronous operation with 
the interconnected power systems in the South West Region 


NORTH CENTRAL 


SOUTH CENTRAL 


MARITIME INTERCONNECTION 
QUEBEC SYSTEMS 


PENNSYLVANIA- 
CENTRAL bake NEW JERSEY- 
MARYLAND 
SYSTEMS INTERCONNECTION 


SOUTH EAST 
REGION 


Figure 17.4 
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dinating activities which had already occurred. 

At that time, NAPSIC resolved to maintain it- 

self as an effective interconnected systems opera- 

tion organization, and to accept responsibility 

for useful liaison with other organizations. The 

scope of the organization was expanded so that 

by 1971 it included consideration of the follow- 

ing: 

Operating reliability criteria, 

Frequency regulation, 

Time control, 

Tie-line frequency bias, 

Operating reserves, 

Time error correction procedures, 

Emergency operating procedures 

(a) Load shedding and restoration 

(b) Tie separation and restoration 

(c) Generating unit security, 

8. Scheduled maintenance outages of 
major facilities, 

9. Interchange scheduling procedures, 

10. Procedures for handling inadvertent 
interchange, 

1]. Any other operating matters that re- 
quire coordination to effect reliable in- 
terconnected operation. 


po Se Se Pe a he 


Organizational Structure 


NAPSIC is comprised of 22 representatives: 
two from each Operating Area, except Canada- 
U.S. Eastern Interconnection (CANUSE) and 
the Southeast Region which have three each. 
Task forces are appointed as needed and there 
are four standing subcommittees; namely, Per- 
formance, Operating Manual, Communications, 
and General Meeting. 


Liaison With Electric Reliability Councils 
NAPSIC’s contribution to reliable system per- 
formance is enhanced by its close liaison with 
planning entities, regional reliability councils, 
and the National Electric Reliability Council. 
Much of the reliability council work overlaps 
activities which are the concern of the Operat- 
ing Areas within NAPSIC. Close working rela- 
tionships which have been established between 
these different organizational units provide the 
opportunity for very effective coordination be- 
tween planning and operating functions. The 
activities of most Operating Areas in NAPSIC 
are expected to be integrated with the Councils 
in NERC. One exception is the area of the 


South Central Systems which formerly was the 
Southwest Region (a subdivision of the recently 
disbanded Interconnected Systems Group ?°). 
This NAPSIC Operating Area probably will 
continue to have its operating procedures coor- 
dinated on a regional scale until a more com- 
prehensive regional entity is established. At the 
national level, NAPSIC has a representative on 
the NERC Technical Advisory Committee. 


Coordinating Techniques 


Over the years electric utilities have devel- 
oped a wide variety of coordinating techniques 
to achieve increased reliability and improved 
economies. The increased emphasis on area-wide 
coordination during the latter half of the 1960’s 
has accelerated the utilization of bilateral and 
multi-party agreements. In the absence of pool- 
wide procedures for achieving full coordination, 
individual members usually develop their own 
expansion plans and explore opportunities for 
increased power supply economies with other 
member and non-member utilities. 

The Federal Power Commission has over 
2,000 rate schedules on file which reflect various 
degrees of coordination achieved through inter- 
change arrangements. In addition, many coordi- 
nating arrangements have been developed by 
publicly owned systems and cooperatives which 
are not subject to FPC jurisdiction and, there- 
fore, have not been filed with this Commission. 
Numerous types of coordination are reflected in 
these arrangements which generally have en- 
abled the electric utility systems to achieve 
greater reliability and lower cost of service than 
could have been achieved without interconnec- 
tion and coordination. 

It is not feasible to describe in this report all 
of the various interconnection agreements. How- 
ever, to provide some indication of the various 
types of coordination arrangements being uti- 
lized and the various degrees of coordination 
that have been achieved through such arrange- 
ments, some of the major coordinating tech- 
niques are described below. 


10 Interconnected Systems Group (ISG) was a volun- 
tary association of electric utilities which began in 1928 
and grew to encompass the geographic regions now rep- 
resented by the following four Operating Areas: East 
Central Systems, Southeast Region, North Central Region, 
and South Central Systems. 
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Staggered Construction of Generating 
Capacity 


Staggered construction is a technique which 
involves construction of excess capacity by one 
utility for the use of one or more other utilities 
with the supplier-buyer arrangement being re- 
versed or modified with each succeeding unit. 
Several variations of this practice are widely 
used. Sometimes adjacent systems informally co- 
ordinate their capacity additions over a period 
of several years so that the total installed capac- 
ity reserve approximates the amount required 
by the entire geographic area. Each individual 
system’s reserve in percent of peak-hour load 
may vary widely from year to year, but the total 
peak-hour reserves for the group are maintained 
at approximately a constant level. 

A refinement of this coordinating technique 
includes short-term capacity transactions which 
permit a system to install a larger unit than its 
own immediate needs require and to sell firm 
capacity to neighboring systems for one or more 
years. Later this utility purchases firm capacity 
from neighboring systems for a period of time 
and then repeats the cycle by installing an even 
larger generating unit. This arrangement has 
found general acceptance by some power pools 
and other coordinating groups since each mem- 
ber can achieve benefits from economy of scale 
and maintain most economically the installed 
capacity reserves required by the coordinating 
group. 

Another form of staggered construction which 
has gained widespread acceptance in recent 
years is the unit-sale concept. This entails ar- 
rangements whereby a system installs a larger 
unit than it otherwise normally would, and sells 
a specified amount of excess capacity from that 
unit to one or more neighboring systems. The 
purchaser’s entitlement is limited to the availa- 
bility of capacity from the specific unit. In the 
event of an outage of such unit, the buyer is not 
entitled to any portion of the supplier’s other 
capacity resources. Rates for unit sale transac- 
tions usually reflect actual capacity and energy 
costs from the specific unit involved. 


Seasonal Capacity Exchanges 


Seasonal capacity exchanges can usually be 
made when the annual peak loads of two utili- 
ties, areas, or regions occur in different seasons 


of the year. However, individual systems within 
the same power pool having annual peak de- 
mands which occur in different months do not 
normally participate in seasonal capacity ex- 
changes because, in a pool, savings from intra- 
pool diversity are automatically achieved by the 
decreased ‘total installed reserve requirements re- 
sulting from the pool operation. 

Seasonal capacity exchanges may be highly 
significant on an inter-pool, inter-area, or inter- 
regional basis. An example is the arrangement 
between the Tennessee Valley Authority in the 
Southeast Region and the South Central Electric 
Companies (SCEC) ™ in the South Central Re- 
gion. SCEC and TVA entered into an agree- 
ment in 1968, for the exchange of 1,500 mega- 
watts of surplus capacity. The SCEC systems 
have estimated a total saving of $100 million in 
capital investment from a reduction in generat- 
ing capacity installations, as a result of the 
agreement. In addition to seasonal diversity ex- 
changes, the two parties participate in short- 
term firm power exchanges, emergency service, 
and economy energy transactions. 


Joint Enterprises 


Although jointly owned plants date back to 
before 1920, joint ownership did not reach sig- 
nificant proportions until after World War II. 
For the early jointly owned plants, the owners 
held title to a specified portion of the plant and 
each owner was entitled to his share of the ca- 
pacity and output plus any unused capacity of 
the plant. 

An early example is Montaup Electric Com- 
pany which was organized by three compa- 
nies,!? not then affliated, to build a generating 
plant and transmission lines to supply a large 
part of their combined electric power require- 
ments. The Montaup Contract defines the 
financing and pooling obligations of the compa- 
nies and provides for payment and charges 
based on the relative investments of the owners 
and their relative participation in the capacity 
and output. 

In 1950, Electric Energy, Inc. (EEInc.) was 
organized by five (now four) sponsoring compa- 
nies to supply 735 megawatts of firm power and 


11 See table 17.2. 
12 Brockton Edison Company, Fall River Electric Com- 
pany, Blackstone Valley Electric Company. 
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150 megawatts of supplemental power to the 
Atomic Energy Commission at Paducah, Ken- 
tucky, pursuant to a 25-year contract. EEInc. in- 
stalled six steam-electric generating units total- 
ing 1,040 megawatts at its Joppa, Illinois, plant, 
constructed transmission lines to the Paducah 
plant, and interconnected with its sponsors. 

In 1952, Ohio Valley Electric Corporation 
(OVEC) and its subsidiary, Indiana-Kentucky 
Electric Corporation (IKEC), were organized 
by 15 sponsoring companies to supply the elec- 
tric energy requirements of the Portsmouth 
Project of AEC. OVEC constructed a 1,086- 
megawatt steam-electric plant at Cheshire, Ohio, 
and IKEC constructed a 1,304-megawatt elec- 
tric plant at Madison, Indiana. The two plants 
supply electric power to the Portsmouth Project 
over four 345-kilovolt transmission lines. 

In 1954, the Yankee Atomic Electric Company 
was formed by ten New England electric utili- 
ties to construct a 175 megawatt nuclear plant 
which went into operation in 1960 at Rowe, 
Massachusetts. The ten companies which hold 
stock in Yankee Atomic are entitled to receive 
and obligated to pay for a percentage of the 
output in proportion to their stock ownership. 
Following the success of this project, similar 
joint enterprises have been formed by more 
than a dozen New England utilities to construct 
three additional nuclear power plants. 

Another important form of joint enterprise 
has been the development of Generating and 
Transmission (G&T) Cooperatives, of which 
about 25 are now in operation. A G&T Cooper- 
ative usually consists of distribution cooperatives 
which have formed an organization to build one 
or more generating plants and a transmission 
system to deliver power to their load centers. 
The generating and transmission facilities are 
owned by the G&T Cooperative, and the distri- 
bution cooperatives agree to purchase their 
power requirements from it. Many of these G&T 
Cooperatives have coordination arrangements of 
various sorts with privately and publicly owned 
systems. 

A unique arrangement has been worked out 
between the Ohio Power Company and Buckeye 
Power Cooperative, a G&T whose membership 
is made up of all of the REA distributing coop- 
eratives in Ohio. Ohio Power Company con- 
structed a 1,230-megawatt steam-electric plant 
(two 615-megawatt units) on the Ohio River. 


The Company sold one of the units to Buckeye 
Power Cooperative at cost (about $68 million) 
and agreed to purchase any portion of the out- 
put of the unit not needed to meet Buckeye’s 
load requirements. The power is transmitted to 
the systems of the member cooperatives via the 
transmission systems of the major investor- 
owned electric utilities in Ohio. Buckeye ob- 
tained financing for the unit through the pri- 
vate money markets, rather than through REA. 

The Mount Tom Generating Plant, which 
was placed in commercial operation in 1960 by 
the Holyoke Water Power Company, is an ex- 
ample of a project that was made possible by 
long-term unit sales. All of the output of this 
137.5 megawatt single unit plant in excess of 
Holyoke’s needs was committed to two larger 
neighboring companies, New England Electric 
System and Western Massachusetts Electric 
Company. Sales are on a declining schedule 
until 1971, after which time 83.5 megawatts will 
be available to the purchasing companies and 
54 megawatts will be retained by Holyoke. 

Substantive changes have been and are taking 
place in the number and character of jointly 
sponsored generating plants. ‘The scarcity of ac- 
ceptable plant sites, the need to make best use 
of limited land resources, the availability of tur- 
bine-generator units in large sizes, and the total 
cost and complexity of such units are factors 
which have encouraged groups of utilities to 
share in their development, output, and risks. 
Most joint ownership arrangements are among 
utilities within the same power pool or plan- 
ning organization, but there are a few excep- 
tions. For example, New York State Electric and 
Gas Company, a member of the New York 
Power Pool, and Pennsylvania Electric Com- 
pany, a subsidiary of General Public Utilities 
Corporation which ‘is a member of the PJM 
Power Pool, have equal ownership in the 1,280 
megawatt Homer City mine-mouth generating 
station. Iwo 640-megawatt units were installed 
in 1969. Pennsylvania Electric also joined Cleve- 
land Electric Wluminating Company, a member 
of the CAPCO Power Pool, to construct the 422- 
megawatt Kinzua pumped storage project on 
the Allegheny River in Pennsylvania. 

A unique joint enterprise is the Pacific North- 
west-Southwest Intertie consisting of 500-kilo- 
volt ac and 800-kilovolt dc transmission facili- 
ties. This project is a cooperative undertaking, 
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bringing together the largest Federal hydroelec- 
tric system in the United States, the largest mu- 
nicipal system, and the larger private systems 
in the West Region. The Intertie provides for 
the coordinated operation of the utility systems 
in this 1l-state area for reliability and efficient 
utilization of generating capacity. 


Joint Enterprises by Formal Power Pools 


A recent development of great significance is 
the increasing use of joint ownership of facili- 
ties by members of formal power pools. Approx- 
imately 27,600 megawatts of generating capacity 
going into service between 1968 and 1975 are 
owned jointly by members of formal power 
pools; but more importantly, several of these 
power pools have adopted procedures to utilize 
joint enterprises on a continuing basis in the fu- 
ture. 

Joint ownership of transmission systems is less 
widespread than jointly owned generation be- 
cause most electric utilities prefer to own all 
transmission facilities within their own service 
area. Another factor inhibiting joint sponsor- 
ship of transmission is the difficulty of allocating 
the cost of bulk transmission systems among its 
several almost inseparable functions. The mag- 
nitude of this problem varies from pool to pool, 
depending on the number of members, the rela- 
tive size of members, and degree of coordination 
being achieved. Since reliability considerations 
are requiring more and higher capacity trans- 
mission facilities, some individual pool members 
are being burdened with disparate investment 
in inter- and intra-pool lines. Therefore, some 
power pools are beginning to explore and de- 
velop techniques for joint sponsorship of bulk 
transmission along with joint ownership of gen- 
erating plants. 

Every member of a power pool—even a fully 
coordinated one—has its own unique combina- 
tion of capacity resources reflecting a specific 
mix of base load, semi-peaking, and peaking 
units, often supplemented by power imported 
from outside its service area. Each member, 
therefore, relies upon the pool’s bulk transmis- 
sion system in different degrees for emergency 
support, power interchanges, access to large 
units, economic dispatch, and delivery of power 
to load centers. As yet, there is no consensus 
concerning the proper formula for allocating 


the cost of a transmission system among its dif- 
ferent functions. Nevertheless, members of a few 
power pools have been able to proceed with 
joint sponsorship of transmission by limiting 
considerations to only two functions—reliability 
and power delivery—and by ‘agreeing to arbi- 
trary allocations of costs between these two 
functions. 

Substantial joint enterprises are being spon- 
sored by the participants of several power pools, 
including PJM, CAPCO, Pacific Northwest Co- 
ordination Group, New England, and CCD. 
The techniques being utilized by a few of these 
pools are described below to provide some indi- 
cation of the degree to which joint sponsorship 
of generation and transmission facilities is gain- 
ing increased acceptance and is accelerating the 
trend toward more fully coordinated power 
pools and regional groups. 


The PJM Power Pool 

PJM participants have sponsored joint proj- 
ects that provide unique opportunities for tak- 
ing advantage of low fuel costs and economies 
of size which could not be realized by a single 
company. The Keystone and Conemaugh mine- 
mouth generating plants, with two 810-mega- 
watt units at each station, are jointly owned by 
groups of companies which participate in the 
PJM Pool. The Keystone Station was completed 
in July 1968. The Conemaugh units were placed 
in commercial operation in 1970 and 1971. Four 
additional jointly owned units of over 1,000 
megawatts each are under construction. 

An extensive 500-kilovolt transmission sys- 
tem, owned by ten participants, was constructed 
to move power from generating stations to load 
centers and to provide high capacity tie-lines. 
The total costs of all the 500-kilovolt lines and 
substations have been divided into an inter-area 
tie function and a generation delivery function. 
The annual cost of the inter-area tie function is 
allocated among all PJM systems in proportion 
to size as measured by peak loads. The genera- 
tion delivery function is allocated to plant own- 
ers in proportion to ownership in the combined 
capacity of the stations. A large scale digital 
computer and data transmission system, a shared 
cost facility to schedule and monitor PJM bulk 
power facilities, is an integral part of PJM’s co- 
ordinated operation. 
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CAPCO Power Pool 


The genesis of the CAPCO Power Pool was 
the Central Area Power Coordination Group, 
formed in December 1964, as an informal plan- 
ning organization. Under the principles of this 
planning organization, which embodied no com- 
mitments for sharing new generating capacity or 
allocating reserve requirements, the individual 
companies were planning to install units of ap- 
proximately 200 megawatts capacity. In Septem- 
ber 1967, the five members of CAPCO *° signed 
a Memorandum of Understanding which estab- 
lished a power pool and set forth in detail the 
obligations of each party. By jointly planning 
and sponsoring bulk power facilities to supply 
the growing loads of the entire pool, the mem- 
bers found it feasible to install three 625-mega- 
watt fossil-fueled units, two 860-megawatt 
nuclear units, and several hundred miles of 345- 
kilovolt transmission lines for their mutual bene- 
fit. Studies are continuing for the installation of 
additional large scale generation and EHV trans- 
mission in accordance with the concept of single 
system planning. 

One unique feature of the pool relates to the 
installed reserve requirements of each member. 
Minimum reserves in percent of peak-hour load 
are not established nor are such reserves equal- 
ized. A computer program is utilized to allocate 
the amount of new generation to be owned by 
each member so that the dependence on the 
power pool, as measured by loss-of-load proba- 
bility studies, is the same for all members. The 
reserve requirement of each member is related 
to the size and performance of its capacity re- 
sources and load characteristics. 


New England Power Pool 


Some of the electric utilities in New England 
have a history of coordinated operation dating 
back to the early 1920’s. More recently, coordi- 
nation has included staggered construction of 
large generating units (implemented by short- 
term sales of excess capacity from new units), 
extensive economy energy transactions, and the 
use of intervening transmission. By 1966 more 
than 5,000 megawatts of generating capacity had 
been installed or scheduled on the basis of joint 
ownership and unit participation arrangements. 
"13 Cleveland Electric Illuminating Company, Duquesne 


Light Company, Ohio Edison Company, Pennsylvania 
Power Company, and Toledo Edison Company. 


With this background of cooperation and 
joint planning, the nine largest utilities in New 
England set out in 1967 to sponsor the forma- 
tion of a New England power pool (NEPOOL) 
with the following objectives: 

1. To attain for New England maximum 
practicable economy consistent with 
proper standards of reliability, in the 
generation and transmission of bulk 
power through joint planning, central 
dispatching, coordinated operation and 
maintenance of generation and _ trans- 
mission facilities. 

2. To provide for equitable sharing of the 
resulting benefits and costs. 

3. To provide a means for more effective 
coordination with other power pools. 

The sponsors of NEPOOL, recognizing at the 
outset that the development of such a far-reach- 
ing pooling agreement would be time-consum- 
ing, formed an Interim Operations Committee 
and Interim Planning Committee '* so that 
technical planning and implementation of the 
power pool could proceed concurrently with the 
development of an organizational structure. Con- 
sequently, coordinated area-wide planning has 
been in effect since 1967 and a computerized 
dispatch center has been installed to direct the 
minute-by-minute operation of the bulk trans- 
mission and generation system. 

By April 1970, representatives of both pub- 
licly and privately owned electric utilities, who 
had been meeting regularly as a working com- 
mittee since June 1969, reached an understand- 
ing on general principles for a broad power 
pool agreement covering: (1) a pro-rata alloca- 
tion of installed generating reserves to each par- 
ticipant; (2) a costing technique to spread the 
costs of a pool-supported transmission system 
among the participants; and (3) a basis upon 
which each participant can choose to secure its 
power supply for load growth from new units 
being installed in New England. There is recog- 


14 These committees became the Operations Committee 
and the Planning Committee on June 1, 1970. Members 
of the Planning Committee include the nine sponsoring 
companies shown in table 17.2 in addition to Braintree 
Municipal Light Board, which also represents four other 
municipal systems having generation in excess of 25 MW 
(Burlington, Holyoke, Taunton, and Wallingford) . Fitch- 
burg Gas and Electric Company represents Bangor Hy- 
dro-Electric Company, Maine Public Service Company, 
and Newport Electric Company. 
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nition that different types of generating units 
may affect the distribution of capacity obliga- 
tions, but it is agreed that the maximum adjust- 
ment is to be limited to 2 percent of the pro- 
rata norm. Negotiations are continuing with the 
expectation that the comprehensive pooling 
agreement will become effective during 1971. 


Small Systems 

For the purpose of providing a statistical 
frame of reference, small electric systems were 
defined in the 1964 National Power Survey as 
those having annual peak-hour demands of less 
than 25 megawatts. By this definition there were 
3,190 small systems in 1962, of which 899 gener- 
ated all or part of their requirements and 2,291 
purchased their entire requirements. By 1968 
the total number of small systems decreased to 
2,842, a reduction of 348, principally as the re- 
sult of acquisitions and mergers. More than 800 
of the remaining small systems owned generat- 
ing facilities, and 243 were electrically isolated 
from major transmission networks. 

The total cost of generation at the bus bar 
for the sizes of plants usually installed by small 
systems is relatively high because such plants 
cost more per kilowatt to build, burn more fuel 
per kilowatt-hour, and cost more per kilowatt- 
hour to operate. The ability to take full advan- 
tage of modern generation and transmission 
technology is often limited to the larger systems. 
Only 31 systems with generating capacity of less 
than 500 megawatts are members of formal 
power pools. 

Since the cost gap between small scale and 
large scale generation and transmission has been 
progressively widened by technological improve- 
ment, most of the smaller electric systems which 
generate the bulk of their electric requirements 
are at a relatively greater economic disadvantage 
than they were during the 1950’s and the early 
1960’s. Benefits from coordinated planning are 
being realized by some of these smaller systems 
through joint ownership, or entitlements in 
large, more efficient generating units sized to 
meet area needs, and through associate or afhli- 
ate membership in regional councils. Systems 
which serve their growing needs by power pur- 
chases receive reliability and economic benefits 
when their power suppliers participate in area- 
wide and regional coordination. Direct or indi- 
rect participation by smaller generating systems 


in the benefits and responsibilities of coordi- 
nated planning and operation is fundamental if 
the most efficient use is to be made of our re- 
sources. However, when their supplier, alone or 
in cooperation with other systems, can install 
large-scale generation, benefits of the larger sys- 
tem scale become available to them. 


Power-Supply Sources 


Many small systems buy all of their power re- 
quirements at wholesale, although they have the 
option to plan, install, and operate bulk power 
facilities. A heavy concentration of these distri- 
bution systems within a specific geographic area 
increases the chances of economic feasibility for 
them jointly to plan and construct their own 
bulk power system, but such endeavors may re- 
sult in duplication of facilities unless suitable 
wheeling arrangements can be worked out with 
neighboring, and generally competing, systems. 
Few conversions are anticipated. 

Small systems having generating facilities, but 
with insufficient capacity to meet their total 
electric requirements, include: (1) those having 
only a small amount of generation (often, hydro) 
which is supplemented with purchases from a 
neighboring supplier (2) systems which plan 
gradually to phase themselves out of the generat- 
ing business but still have one or more units in 
serviceable condition; and (3) systems that use 
small units for peak shaving to reduce average 
purchased power costs. There is a wide variety 
of bilateral arrangements covering such situa- 
tions. This type of system will continue to be a 
part of the overall supply, primarily because it 
provides an intermediate step in moving to or 
from full within-system generation. 

Some small systems have sufficient generation 
to meet their own requirements and operate in 
complete electric isolation, or with interconnec- 
tion facilities normally open. Others are con- 
nected to and operate in parallel with major 
power networks, under a wide variety of agree- 
ments. In recent years, some small systems have 
been able to negotiate lower reserve require- 
ments through coordination of their operations 
with neighboring’ systems, and a few have 
gained access to large scale generation. 


Isolated Systems 


At the beginning of 1968, 243 systems were 
electrically isolated from power supply net- 
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works. Information on these systems is shown in 
table 17.7. Approximately 8214 percent of the 
total generating capacity of the isolated systems 
was located in eight States. 

Isolated systems typically experience relatively 
high power supply costs and inferior bulk 
power reliability. About 75 percent of the iso- 
lated systems in 1966 carried reserve capacity 
greater than 50 percent of their annual system 
peak demands. On such systems the forced out- 
age of a generating unit may represent loss of 


such a large portion of on-line capacity that par- 
tial or total power failure may result before 
other units can respond to meet the increased 
load placed upon them. Also, an isolated system 
is vulnerable to extended service interruptions if 
fire, natural disaster, or other catastrophe de- 
stroys one or more of its major generating 
plants. 

Under Section 202 (a) of the Federal Power 
Act, the Federal Power Commission is directed 
to promote and encourage the voluntary inter- 


TABLE 17.7 


Isolated Systems ! 


No. and Type of Ownership Installed Peak Energy No. of 
State —_—__________—_—————_ Capacity Load Generated Customers 
Public Private kW kW MWh 

ALIZONA op cce reyes cog A oat caer cece sk SGA Eee fae ee ers ee 133 (Oe pee beer Paap ls: 
Calilormias 5 clo ot Maus doe see cee egies tat eee oat 1 5,055 2,250 7,922 1,366 
Coloradost es occ ena ctor tere: Oe aot cats arene 29 , 234 20, 305 72,536 7,554 
Delaware ees an2. = 3. ene eaah taking eae soe 7,302 5,500 22,013 2,314 
Floridax: seve Sis) .snot pao oe aes LS igcrteee. sate 614,312 341,985 1,519,568 122,943 
ES EY: ro hs Cee CRIED on we A cg ere Pn ere 1 150 16 32 22 
Tlinois (oe dora nk tee ena tate PERE Beha reco 5 302,421 160, 380 703 , 023 43,952 
Indiana s. soso rt Oe nee Pete. aN tse 38, 080 19,800 84, 393 2,249 
TOWa¥: BNA ee RS Ce oe eee ae ee a Seen 41,259 19,830 77,341 11,379 
Kansas Sah ae arte: Satie ee ee AG IPRS SR coals oe 255, 896 128,585 419,734 54, 204 
Louisiana .a3ge anti 29 a ee kd Migs oe SE 1955314 131,040 434,408 38 , 226 
Maine et toe cee cee ee 1 1 350 1,060 469 855 
Maryland Saga: serie owe ceeeea re eiehies fo es 16,375 10,620 47,612 3,000, 
Massachusetts e.).r.ne cre se cose ete 2 1 105, 100 66 , 260 293,515 25,319 
Michigan 2025 O25 eee ee A Oh re 6 BOS 55's. LO 22,119 12,700 56,717 5}507 
Minnesota ties tie sie ieee ae Le ares 66, 726 34,079 149,907 15,687 
Mississip pisys: ySctneratraocth omni aoe Sacre a ae 111,927 59, 100 213,607 Liwala 
Missouri. giant co aun rece es Gr areata eee 34, 806 17,620 65, 354 8,802 
Nebraska en.n2..0 a.0.5 . eres cet eee 28M 92,787 43,235 171,589 21,498 
Nevadaiui tod Mile ee eee i 3 6,372 5,438 26 , 823 4,079 
New-Mexicot.Mraicct cn at ah ene OMe te 17,640 9,400 39,013 4,439 
New Yorkin 314. go cP eee tee ee 2 %: 35,311 21,454 102,278 11,485 
Ohiow. 3s, ini atrda Ao eee Wir ret: 3 eee 517,646: 246,288 1,279,043 109, 754 
Oklahoma 246 weer. tone ee ee 8 1 57,979 oo 125, 267 16,546 
Pennsylvania”. sect Sousa ea Qe ocean es oka 6,483 3,810 16,527 2,466 
Rhode “Island 2 seve on che re es eee 1 1,471 610 i573 536 
"TEX aS tise ond dele Note nck hes SNe LSet ess ee 339 , 840 116,229 735,070 56, 703 
Virginian sie Groce Soren eee: 2 sew ereurs, on ee 6,161 3,985 13, 300 Lf9% 
Washinston Seen eee LA See oc ree 250 - 180 537 63 
Westy Virginia torr int bioeaee ieee [PSA Rn AS tos Sy ueeiaetien | te) Cs) 6,034 955 
WISCONSIN Aico seach ced rien tate 2 2 30, 750 14, 768 70,576 8,743 
Wyoming:th. ans ce ee eee De. FEI atays Perea a tees ements 4,290 6,251 188 

Subtotal eros toe ore ee 229 14 

Totals ..4.4:... asad. etree 243 2,959,113 1,548,824 6,761,632 603, 339 


1 Those systems not interconnected with a network of at least 500 MW of generating capacity, based on data for 1965 


through 1967. 
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connection and _ coordination of _ electric 
systems 15, {t is particularly important for iso- 
lated electric systems to analyze the economic 
and operating benefits of interconnected opera- 
tions with neighboring systems. Mounting relia- 
bility problems, high cost of money, growing 
problems of finding and retaining good operat- 
ing personnel, and increasing costs of plant op- 
erations are all factors which favor intercon- 
nected operations. Staff members of both the 
Washington and regional offices of the Federal 
Power Commission may provide advice and 
other assistance to small systems in analyzing the 
cost and benefits of interconnected operations 
and in negotiations of contractual arrangements 
with neighboring utilities. 

Isolated systems can attempt to secure reliable 
wholesale service at reasonable prices and on 
fair terms under certain circumstances by order 
of the Federal Power Commission 1°, The Com- 
mission has ordered several interconnections in 
response to complaints by isolated systems. Such 
measures, while providing improved reliability 
and lowered reserves, primarily for the small sys- 
tem, have not eliminated the installation of rel- 
atively small generating units which would not 
be constructed if area-wide planning and coordi- 
nation were complete. 


Interconnected Systems 


Approximately 1,200 systems with annual 
peak hour loads of 500 megawatts or less are 
electrically connected to major power networks 
and operate their own generating facilities. Be- 
cause the relative economic advantage of dou- 
bling the size of a unit in the 25-megawatt 
range, for example, is far greater than in the 
250-megawatt range, smaller systems have a 
strong incentive to maximize the size of their 
new units. Nevertheless, they may not install 
large, economic units because the complexity of 
the required coordination contracts tends to dis- 
courage this practice. In recent years, however, 


15 See footnote 9, page I-17-17. 

16 Section 202 (b) of the Federal Power Act authorizes 
the Commission, upon application of a state commission 
or of any person engaged in the transmission for sale of 
electric energy, to order a public utility to interconnect 
its facilities with those of the applicant and to sell or ex- 
change energy with the applicant, provided the inter- 
connection does not require the public utility to enlarge 
its generating facilities, or does not impair its existing 
services. 


there has been a gradual change in the tradi- 
tional attitudes between large systems and small 
systems. The accelerated coordination activity 
throughout the country has in many areas 
greatly enhanced opportunities for area-wide co- 
ordination. As a result, about 10 percent of the 
systems with annual peak demands of 500 mega- 
watts or less are now participating in coordina- 
tion arrangements involving reserve sharing, 
reciprocal emergency assistance, economy ex- 
change, etc.; and the number of systems that 
receive benefits from large scale generating facil- 
ities is increasing. 


Small-Scale Power Pooling 


Small generating utilities which do not partic- 
ipate in area-wide coordination are under con- 
stant economic pressure to improve their bulk 
power supply situation. A number of these sys- 
tems have achieved significant reductions in 
power supply costs by interconnecting with 
other small systems in similar circumstances. 
Rapidly increasing loads provide additional in- 
centives for the expansion of these coordinating 
groups and the formation of new ones. Al- 
though such efforts may produce beneficial re- 
sults for the participants, they usually result in 
the construction of less than optimum generat- 
ing facilities, duplication of transmission, and a 
bulk power supply which, from an area-wide or 
regional perspective, is fragmented. 


Potential Benefits of Full Coordination 


Simultaneous outages of major generating 
plants, delays in placing new generation in serv- 
ice on schedule, fuel shortages, and unforeseen 
power demands have jeopardized or degraded 
bulk power supply in some sections of the coun- 
try. Overall system stability must be protected at 
all times in spite of these difficulties, so there is 
need to provide large blocks of economic and 
reliable generation, and to provide transmission 
networks capable of transferring large amounts 
of power from one area to another. 

The electric utility industry can achieve full 
coordination, without altering its pluralistic 
character, by coordinating the planning, con- 
struction, and operating activities of all utility 
groups in areas with loads of sufficient size to re- 
alize all the potential benefits of modern tech- 
nology, and by strengthening generation and 
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transmission facilities as necessary for assuring 
adequacy and reliability of power supply. Cer- 
tainly, from both the resource conservation and 
economy of service viewpoints, coordination 
among all of the utilities within the respective 
regions should be a major objective. 


Trend to Larger Coordinating Groups 


If only technological factors were to be con- 
sidered, utilities in each region of the United 
States could be reorganized into a large and 
more efficient coordinating unit to provide opti- 
mum economy consistent with a reliable and ad- 
equate nationwide bulk power supply. However, 
organizational trends within the utility industry 
are shaped by institutional, social, economic, 
and political considerations as well as technolog- 
ical factors. 

Corporate consolidation is one way by which 
electric utilities may be regrouped. Mergers 
were the principal means for achieving rapid 
system growth until the 1930’s. Thereafter, im- 
proved reliability and the economic advantages 
of scale were achieved principally by inter- 
connections and inter-system coordination, al- 
though mergers and acquisitions have continued 
to eliminate some management, administrative, 
and operating duplications. Interest in enlarging 
utility system size via the common holding com- 
pany or by acquisition of major properties was 
revived during the 1960’s. Between 1965 and 
1968, more than 20 affiliation programs involv- 
ing Class A electric utilities were proposed. 
Northeast Utilities, formed in July 1966 by Con- 
necticut Light & Power Company, The Hartford 
Electric Light Company, and Western Massa- 
chusetts Electric Company, was the first of these 
new holding companies to achieve operational 
status. The most ambitious of the proposals in- 
volves the formation of a holding company by 
the five CAPCO pool members (table 17.2) plus 
Cincinnati Gas & Electric Company; Dayton 
Power & Light Company; and Union Light, 
Heat & Power Company. This proposed venture, 
if successful, would make the new entity the 
country’s largest holding company system in 
terms of annual revenue and electric load. 

Power pools can accomplish somewhat the 
same result as holding companies by enabling 
individual utilities to achieve many of the econ- 
omies and other advantages of a much larger 
system while still maintaining their own sepa- 


rate identities. The attainment of these objec- 
tives requires the same careful coordination of 
planning and operation performed by the hold- 
ing company system, but the process is more 
complicated by separate management of the var- 
ious parts of the integrated network and the ne- 
cessity of working through committees. A major 
advantage is that power pools can more easily 
be expanded into large, more efficient coordinat- 
ing units comprising utilities from all industry 
segments. Several holding company systems have 
improved their bulk power supply economy 
through membership and active participation in 
formal power pools. 

As power pools become larger and more effec- 
tively coordinated, opportunities for reducing 
the duplication of various management and en- 
gineering functions may continue to encourage 
the formation of larger utilities through corpo- 
rate merger and consolidation. Certainly the de- 
cision-making process by an area-wide coordinat- 
ing group would be simplified by a reduction in 
the number of participating systems. However, 
the impact on competition, the responsiveness to 
local area needs by utility management, the 
treatment of combination electric and gas utili- 
ties, and the possible further concentration of 
economic power will provide provocative issues 
in testing whether the broad public interest 
would best be served by the formation of large 
holding company systems. 


Prospects for Increased Coordination 


Despite the remarkable increase in the num- 
ber and kinds of coordinated utility groups, cen- 
tralized pool-wide dispatch has received only 
limited acceptance. Through the 1960-1968 pe- 
riod, there were approximately 150 separate con- 
trol areas of which only five were centrally dis- 
patched power pools. Under interconnected 
operation, each contro] area must have automat- 
ically regulated generation to absorb area load 
changes, maintain scheduled interchanges with 
neighboring areas, provide assistance to other 
control areas in the interconnected system when 
they have difficulty matching load with genera- 
tion, and furnish a proportionate share of sys- 
tem frequency control. The technique for auto- 
matically accomplishing these functions is 
generally referred to as load, frequency, and tie- 
line bias control. 
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The continued increase in the extent of inter- 
connections and the complexity of networks 
have increased the need for more sophisticated 
control of interconnected systems to improve re- 
liability and to maximize economic advantages. 
Accelerated coordination activity will probably 
give added impetus to on-line dispatching over 
broad geographic areas and to the eventual 
elimination of multiple control areas within 
power pools. 

Centralized dispatch and continuous digital 
computer control of generation were initiated 
by the Michigan Power Pool in the spring of 
1969, by New England Power Pool (NEPOOL- 
NEPEX) in June 1970, and is scheduled for op- 
eration by the New York Power Pool by the end 
of 1971. These three installations will replace 16 
separate control areas. The PJM Power Pool, 
which has had a single control area for many 
years, converted its centralized dispatch of gen- 
eration to continuous digital computer control 
during 1969. Successful experience with on-line 
computers for central dispatch by these four 
power pools should encourage similar installa- 
tions for improved system reliability and operat- 
ing efficiency by other power pools throughout 
the nation. 

To some degree, the formation of a large 
number of coordinating organizations, each hav- 
ing limited functions and objectives, has dif- 
fused the coordinating process. It is not unusual 
for utilities in some parts of the nation to be 
members of four or five different coordinating 
groups, each dealing separately with such mat- 
ters as interconnected operations, planning, re- 
serve sharing, adequacy of power supply, and 
prevention of cascading power failures. Existing 
organizational mechanisms will predominate 
during the immediate future, but unprece- 
dented challenges for improving reliability while 
retaining or enhancing the quality of the envi- 
ronment will increase the need to optimize 
capital investments and should encourage utili- 
ties to intensify the development of fewer but 
more comprehensive coordinating mechanisms. 

Although it is difficult to forecast the future 
pattern of coordination, it appears likely that 
industry-wide efforts to consolidate and expand 
utility groups to optimize the use of improved 
technology and intersystem coordination will 
continue during the next decade. Recent prog- 


ress in self-organization by the electric utility in- 
dustry is oriented toward regional coordination. 
The following discussion gives some indication 
of the future coordination patterns that the 
Commission’s staff believes may develop within 
each region of the country. 


Northeast Region 


Evolution of inter-system coordination in the 
Northeast Region has resulted in the creation of 
three large power pools—NEPOOL, NYPP, and 
PJM; and two regional councilkK—NPCC and 
MAAC. 

The Northeast Regional Advisory Committee 
(NERAC) in its report to the Federal Power 
Commission 17 anticipated that the factors in- 
fluencing optimum pool size and the relation- 
ship among coordinating organizations in the 
Northeast Region would continue to be re- 
viewed and evaluated as improvements become 
available in all aspects of power supply technol- 
ogy and methodology. Accordingly, in April 
1969, NPCC approved the development and im- 
plementation of a program for coordination of 
regional planning covering economic relation- 
ships among the New York and New England 
pools, and the Ontario Hydro system, including 
the development of a long-range expansion pat- 
tern for generation and transmission facilities. 

Additional actions which appear as possibili- 
ties for the future are: 

1. Extension of joint planning—to in- 
clude all systems with significant gen- 
eration in the region. 

2. Expansion of NPCC to include the 
Maritime Power Pool—New Brunswick 
Electric Power Commission, Nova Sco- 
tia Power Commission, and Nova Sco- 
tia Light & Power Company. 

3. Consolidation of the New York and 
New England pools into a single fully 
coordinated planning and operating or- 
ganization. 


Southeast Region 


Two utilities—Tennessee Valley Authority 
(TVA) and the Southern Company System— 
own more than 53 percent of the Southeast Re- 


gion’s generating capacity. The Carolinas-Vir- 


17 See Part II of this Report. 
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ginia Power Pool (CARVA)*8, which consists 
of four investor-owned utilities, accounts for an- 
other 25 percent of the region’s generating ca- 
pacity. The remaining generating capacity, ex- 
clusive of electrically isolated systems, is owned 
by the five members of the Florida Operating 
Committee (16.75%) and by seven electric sys- 
tems from all segments of the industry (4.4%). 

The vehicle for inter-system coordination in 
Peninsular Florida is the Florida Operating 
Committee which is concerned primarily with 
coordination of day-to-day operating practices, 
spinning reserve, scheduled maintenance, and 
load shedding procedures, The utilities which 
constitute this Committee informally participate 
in coordinated planning studies, but these activ- 
ities do not provide the economic benefits po- 
tentially possible from single system planning 
and operation. 

The recently organized Southeastern Electric 
Reliability Council (SERC) can be expected to 
undertake the examination of problems relating 
to bulk power supply and to identify actions 
which may be appropriate to provide sub-re- 
gions with adequate internal and _ external 
power transfer capability. 

Other actions which appear likely during the 
next decade include: 

1, Extension of joint planning within the 
Southern Company, Virginia-Carolinas, 
and Florida Peninsular sub-regions, to 
include all systems with significant gen- 
eration. 

2. Joint studies to test the feasibility of a 
single power pool encompassing the 
Southern Company system and_ the 
Florida utilities. 

3. Expanding the functions of SERC for 
achieving optimum reliability and 

economy of bulk power supply on a re- 
gion-wide basis. 


East Central Region 


Utilities in the East Central Region have es- 
tablished six formal power pools 1° whose mem- 
bers own approximately 90 percent of the gen- 


18 The CARVA Pool was terminated October 20, 1970, 
but annual payments for authorized poo] transmission fa- 
cilities will continue until 1979 and the parties will ad- 
here to the principle of equalized reserves through April 
30, 1973. 

19 See Table 17.2. 


erating capacity in the region. The region’s one 
regional council—the East Central Area Reli- 
ability Coordination Agreement (ECAR)— 
directly represents more than 95 percent of the 
total generating capacity in the region. 

Several power pools in the region are too 
small by themselves to take full advantage of 
the large generating units that are available, but 
this situation is mitigated to some extent by 
close inter-pool coordination and by joint plan- 
ning of facilities when specific opportunities are 
identified. Recent activities in the area suggest a 
trend toward larger but fewer power pools. Sev- 
eral ownership consolidations and pool realign- 
ments are under active consideration. 

ECAR is developing criteria for installed 
generating reserve for ECAR and each member 
system. It is likely that such criteria will be 
adopted by the Council during 1971 at which 
time member systems should have greater flexi- 
bility to plan for the optimum combination of 
bulk power facilities within major geographic 
areas. 

Better planning coordination usually is ac- 
complished by greater operating coordination. 
Allegheny Power System and American Electric 
Power Company, the two holding company 
power pools in the region, have had centralized 
dispatching and pool-wide control areas for 
many years. In 1969, members of the Michigan 
Power Pool initiated operation of a computer- 
ized dispatch center for continuous on-line con- 
trol of their combined bulk power facilities. 
Nevertheless, 16 separate control areas remain 
in the region. A teletype system has been in- 
stalled which connects the ECAR executive 
offices with the control center of each member 
system. As joint planning and joint ownership 
of generation continue to receive greater accept- 
ance, it is likely that the control areas main- 
tained by individual systems will be consoli- 
dated within major geographic areas or on a 
pool-wide basis. 


West Central Region 


Variations in load density and in the nature 
of electric systems within the West Central Re- 
gion have produced differences in coordination 
patterns. In the eastern portion of the region, 
95 percent of the generating capacity within the 
geographic boundaries of the Mid-America In- 
terconnected Network (MAIN) is owned by 


I-17-32 


MAIN members but only 35 percent of the ca- 
pacity is owned by members of formal power 
pools. Problems of reliability and adequacy of 
bulk power supply are handled by MAIN, 
which is continuing to develop coordination ar- 
rangements to achieve increasing economies in 
bulk power supply through joint scheduling of 
capacity, coordinated use of transmission facili- 
ties, and economic dispatch of generation. As 
advancing technology provides additional incen- 
tive for joint planning and for sharing equita- 
bly the responsibilities of the coordinated effort, 
power pools should gain wider acceptance and 
thereby represent a greater portion of generat- 
ing capacity in the area than the present 35 per- 
cent. 

Intersystem coordination in the remainder of 
the West Central Region is markedly different. 
Three formal power pools, which have been es- 
tablished to improve the power supply efficiency 
of their members, represent more than 75 per- 
cent of the generating capacity in the western 
portion of the region. These power pools are 
unique in the sense that they are comprised of 
relatively small systems from all segments of the 
industry. Upper Mississippi Valley Power Pool 
(UMVPP) membership consists of seven inves- 
tor-owned systems and six REA cooperatives. 
Iowa Pool contains five investor-owned systems 
and one REA cooperative. Missouri Basin Sys- 
tems Group (MBSG) is comprised entirely of 
publicly owned and cooperative systems. 

Intersystem coordination arrangements among 
members of Mid-Continent Area Power Plan- 
ners (MAPP), the informal planning group 
which encompasses most of the western portion 
of the region #°, have developed opportunities 
which foreshadow a restructuring of pooling or- 
ganizations in this area. The MAPP Executive 
Committee is developing an orderly procedure 
for combining the Iowa Power Pool, UMVPP, 
and Nebraska public power systems into a single 
power pool. 

Mid-Continent Area Reliability Coordination 
Agreement (MARCA), a council organization 
dedicated to the improvement of reliability and 
adequacy of power supply in the area, has 
adopted planning and operating criteria and in- 
stituted procedures for studying the bulk power 
network. Members of MARCA own approxi- 


20 See Figure 17.2. 


mately three-fourths of the generating capacity 
within MARCA’s geographic boundaries. Al- 
though bulk power facilities of MBSG are in 
close proximity and interconnected with MAPP 
members at many points, divergent views on 
members’ responsibilities and marketing policies 
have impeded efforts to proceed with joint plan- 
ning of generation and transmission facilities on 
an area-wide basis. Participation in MARCA by 
MBSG members may provide a forum for the 
resolution of these differences. 


South Central Region 


Evolution of coordinated planning and devel- 
opment among individual systems in the South 
Central Region has been within sub-areas lead- 
ing toward the creation of two major, but sepa- 
rate, power networks. One of these, which is lo- 
cated in Texas, does not operate interconnected 
with the vast power grid which interconnects 95 
percent of the generation in the contiguous 
United States. 

The only coordinating group in the South 
Central Region organized on a region-wide basis 
is primarily concerned with system operating 
matters. This group, the South Central Systems 
of NAPSIC, embraces investor-owned, Federal, 
State, G&T cooperatives, and municipal utilities. 
Through it, uniform practices for intercon- 
nected operation within the South Central Re- 
gion have been achieved and are under periodic 
review. 

That portion of the South Central Region lo- 
cated in Texas contains about 45 percent of the 
region’s total generating capacity. Here, the pri- 
mary thrust of inter-system coordination is di- 
rected to assuring adequacy and reliability of 
bulk power supply through the Electric Relia- 
bility Council of Texas (ERCOT). Increased 
inter-system coordination during the 1971-1990 
period can be expected to result in the in- 
creased use of large generating units and the 
construction of more extensive EHV transmis- 
sion. 

Coordinated planning and development in 
the other portion of the South Central Region 
is sponsored by the Southwest Power Pool 
(SPP), which was reconstituted in December 
1969 as a broad-based reliability council. The 
three formal power pools in the SPP area 
(MOKAN, SCEC, and Middle South Utilities 
System) own 80 percent of the total generating 
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capacity within the boundaries of SPP. Finan- 
cial benefits potentially available from techno- 
logical improvements have served to accelerate 
the degree and scope of coordinated planning 
and operations among pool members. 

Although a few non-pool members have been 
able to install units as large as 100 megawatts 
through bilateral arrangements with neighbor- 
ing utilities, the gap in bulk power supply 
economy between pool members and non-pool 
members is widening at an increasing rate. Con- 
sequently, some of the smaller utilities that do 
not participate in power pools are attempting 
to reduce their power supply costs by inter- 
connecting and coordinating with other small 
systems in similar circumstances. These efforts to 
form small coordinating groups may produce 
some beneficial results for the participants, but 
only by the construction of generation and 
transmission facilities which are less efficient 
than could be installed through area-wide co- 
ordination. As a result of modifying membership 
qualifications in 1969, SPP now provides systems 
of all sizes with a useful forum where opportun- 
ities for extensive planning and operating co- 
ordination can be explored. Initial efforts may 
well be directed toward coordinated construction 
and joint use of transmission facilities to avoid 
the construction of duplicating lines. Agreements 
between pool members and non-pool members 
regarding coordination of transmission facilities 
may lead to exploring the financial benefits pos- 
sible from coordinating generation expansion 
programs. 

The Texas Interconnected System (TIS) por- 
tion of the South Central Region can be inter- 
connected to the interstate power network only 
by the construction of multiple EHV facilities. 
Consideration of such ties should include analy- 
ses of the advantages and disadvantages of both 
ac and dc facilities. With synchronous opera- 
tion, such interconnections would need to be ca- 
pable of handling most of the instantaneous 
power flow which would occur during the loss 
of a major unit or plant on the Texas systems 
since the size of TIS is a small percentage of the 
national grid. Potential savings from such inter- 
connections include improved reliability during 
instantaneous emergencies, reduction in spin- 
ning reserve requirements, savings in capacity 
reserves, mutual assistance during fuel shortages 
and heat storms, economy energy interchanges, 


possible seasonal diversity exchanges, assistance 
on maintenance outage schedules, and firm 
power arrangements. Analyses should be initi- 
ated which could lead to orderly planning, de- 
sign, and construction of these interregional ties. 


West Region 


About one-third of the land in the 48 contig- 
uous states lies within the boundaries of the 
West Region. More than 60 percent of the elec- 
tric energy generated in the region is consumed 
in load centers along the Pacific Coast. As of 
January 1, 1968, 56.3 percent of the generating 
capacity was installed by investor-owned systems, 
23.4 percent by public non-federal systems, and 
20.3 percent by Federal systems. Most utility 
groups in the region are informally organized, 
sub-regional in scope, and primarily concerned 
with coordinating operating practices. Western 
Systems Coordinating Council (WSCC), a re- 
gion-wide council formed in August 1967, is 
concerned principally with the improvement of 
bulk power adequacy and reliability on a re- 
gional scale. 

Coordinated planning to assure more eco- 
nomic operations is emerging as a significant ac- 
tivity among groups of utilities in the West 
Region. As in other regions of the country, the 
financial benefits attainable from large generat- 
ing units is one of the factors. Another impor- 
tant factor is the scarcity of new hydroelectric 
sites which will limit the expansion of Federal 
systems to meet the growing loads of publicly 
owned systems and other preference customers ”1. 
Consequently, many publicly owned and rural 
cooperative systems are participating in joint 
planning with neighboring utilities to sponsor 
the installation or share the output of large 
thermal generating units. 

The Pacific Northwest Coordination Agree- 
ment (PNCA) was organized in 1961 to coordi- 
nate the operation of bulk power facilities and 
major reservoirs, and to enunciate reserve re- 
quirements and other responsibilities of inter- 
connected operation. Members signatory to this 
agreement include the Bonneville Power Admin- 
istration and the major investor- and publicly- 
owned utilities in Oregon, Washington, and 


21 The composition of generating resources in the re- 
gion is expected to change from 53 percent thermal in 
1970 to 75 percent thermal in 1990. 
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Montana that operate generating facilities. 
However, The Joint Power Planning Council is 
the vehicle for coordinated planning in this 
area. This agency of four investor-owned and 
104 publicly- owned utilities has developed a 
plan to provide the needs for base load and 
peaking generating facilities through 1990. 

The California Power Pool, organized in 
1964, provides the basic framework for coordi- 
nating the planning, constructing, and operat- 
ing of the electric systems of the member com- 
panies. It establishes certain minimum reserve 
margin requirements for capacity and energy re- 
sources and for spinning reserves. It also pro- 
vides for six specific services for sharing reserve 
margins and other obligations for continuous 
and parallel interconnected operation among its 
three participating systems. 

The Pacific Northwest-Southwest Intertie per- 
mits utilities in the Pacific Northwest and Cali- 
fornia to take advantage of seasonal diversities 
which exist between the northern and southern 
portions of the region. It makes possible better 
use of hydro power during the summer through 
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sales to California. Correspondingly, the pre- 
dominantly hydro Northwest is able to call 
upon steam-electric power in California during 
other seasons when low water normally occurs. 
However, there is no region-wide organization 
to sponsor studies of additional economic oppor- 
tunities on a continuing basis. 

Although WSCC is making significant prog- 
ress in developing programs and operating pro- 
cedures to enhance the benefits of interconnected 
operation, and in finding solutions to reliability 
problems, the Council has no responsibility to 
assure the timely construction of needed facili- 
ties. Additional high-capacity tie lines would 
make possible more stable operation and in- 
crease the power transfer capability between 
certain sub-regions. During the next few years, 
WSCC might well expand its functions to iden- 
tify needed facilities and to assure their timely 
construction. Also, it is probable that area-wide 
coordinating organizations will be strengthened 
to plan the installation of optimum bulk power 
facilities and to distribute equitably the burdens 
and responsibilities of the coordinated efforts. 


I-17-35 


a 1 she. eee | . 
shes tan atehi de ner siren a neha aim lirbdeoly seaadh i 
ics abndolllyreeds obeoey aegelomaiiceheitibe | ahAbiGh gatas sail bp 
; gwd qotew oreddoethewepdésokieationg” penarhie : iad 
re he . ¥ Ts wet vents sovawokl vba 
wilted s tea ht te OST ey openings, pe Lick set wel 
: igmel Por ihenl meee: oat ARI Sov ol el 
) nent SOk Wiiigaeiylvon - ti Ammangyne-<tieiy' Hoth abil 
’ ee oll dich ft phe iene “wt Jerse rye diel 


Ve 
¥ 
~ 
* 


‘ 
ete yr ate tev cvptaktel rey mes ths ow Rie leer hala Dio g itr ety idgatnater 4 
1... ‘ kK 119 : —-“.¢ a. sy ser eet (rts - tz us S ar rob »~ asso tdive a] ee) 


"tgp 5 oe ‘ saa) Spurl Wilarcty ; ocetitevens TTD its , Reta , 
steak ie \yiooonlime na ditto eag > ath dtiikly pape 
Wee near rateth-bekwhiot cate scogpensdia “ebe vowtpeeer’ girticmient rohwlte fi 
pie An) >egueraiieha wie SHigkes geuerengy aetahy tan ual ae 

Ot i tol evhnagiido tides 
| Mey z i cbse (ATRIA . hae cunt in rg a ‘aiaialiaall 
Sf tiays ng’ 4 Fr Te as LL Oe t c 3} ie aoepeyenns S(t pitianey Lyte “_ 
Ate ; : linet baba gute ing preronthcatwe) py soicnis pp Via . f 

eae rat aa eke debris Jip tk oe dine git mh yer 


‘ ; v1. PATIL LYRA ate "I et hee 
’ : ete f : ‘ 4 


i“ , - F Fy ja A, ° wl | jet 


- weal | iiaa Bonen A130 se7ahs ics hires nb oud 


vue ni} yt! Sao Prodan taney cise vishelé ierseiseetee th yer see aetagy vite ean Soups 


Aen r aii +; Ot dieesina Syke picieesen gods ete noises adebed 
. Bae ; ce ere pea) Tiempainere of) ints PH 
echteaneeone ah Of hireted ise 1 are KE 
» i Sua eeu Arrie é henge eS as x 


O91 be oe © Fi weit" te 
* 


2) ; , y} f pe ia. yy: Rel: o 
‘si ; J ’ bun . ry 
} Pr’ ( ’ im Taha 
. j i 4 t ‘ a 
; ii y : re rt Lae? Rebsee ne 
yatta) othe ri 
rye ay wre na athee ger bebemiat ini wd 
' Lameyoca iy, than; Policy” OWraee 
‘ ; oT - #yeahrerales oss att [Orutie mg ee 
+ . ove oy \ ay oi a. . two lyece 22 cata a2 
*s . ul A de Sue Ti aulee ae® Bare ms pay re 
, ; ae Migcara! peer Sug ene vie, 
“ +78 cal ' 5 7 ; =e) 
me nn Bt 7?w acne A rhe he coun 
ai ; . 1 " ae | ey 93 = vn A ven  organitiett in ix 
oe ‘ = ‘+ the cs Katya of os 
5 te | i oo on 
mie FORETEGIIA, a ae dir H 
d <t : é was reuee = i 
4 way ernst? ang x 
: ' t | ‘Ray kK Can’ 7 ef 
A ae ae tee tee eo wiper ne iis ts 
| ' et 2 oe ; ay 
ae ma) “ — LATE, #1 ae Marea Paci at ae boa me 
wc . Aree GE Pa ae aaa et 3 mn rm 
re ; ' a ite a wre: ay bi ae iar pened 
O* \Fasiea — eo aed ~~) esi © aie 
. a 
yr, ida ati ait rt a 
oS * ana a ‘eee 
meg’) 
Wy) > 
-- yah 
vd : efi 2 7 
ry 


CHAPTER 18 


POSSIBLE PATTERNS OF GENERATION AND 
TRANSMISSION THROUGH 1990 


Introduction 


Since publication of the Federal Power Com- 
mission’s National Power Survey in December 
1964, the major emphasis in power system plan- 
ning has shifted from economy of intercon- 
nected and coordinated operation of power sys- 
tems to reliability and adequacy of electric 
service in a broad framework of environmental 
protection. This shift in emphasis has in no way 
limited the urgency of meeting customer de- 
mands for power in the most practical manner, 
but it is significantly influencing the type, loca- 
tion, and design of all types of power facilities. 
This chapter outlines, in broad terms, the 
directions in which the industry is expected to 
move during the ensuing two decades. The fore- 
casts are not to be construed as precise plans, 
but rather as general targets, with adequate 
room for adjustment, to meet changing condi- 
tions. For example, the Commission believes 
that before 1990 the technology of direct-current 
transmission will have advanced to the point 
that dc systems will be installed in lieu of, or in 
addition to, some of the ac lines projected by 
the Regional Advisory Committees. If this 
change occurs, it will not alter the general goals 
set forth herein, but will merely provide a bet- 
ter means of meeting those goals. Similar 
changes are apt to occur in other fields, but they 
too should fall within the supply-demand frame- 
work of the forecasts. 

In 1967 and 1968, the six Regional Advisory 
Committees developed general plans for genera- 
tion and transmission to meet the Nation’s 
needs to 1990. Starting with the products of the 
Regional Advisory Committees, the Commission 
staff adjusted the Committee forecasts to reflect 
more recent data, and developed projections set 
forth for meeting future generation and trans- 
mission requirements. 


Possible Patterns of Generation to 1990 


Total Generating Capacity 


Generation, peak demand and reserve in per- 
cent of peak for 1970 for the contiguous United 
States and possible patterns for 1980 and 1990 
are indicated in table 18.1. Similar data are 
shown graphically on Figures 4.1 and 4.2. 

The most significant change anticipated in 
the composition of future generating capacity is 
the increasing reliance on nuclear capacity. This 
is expected to increase from less than two per- 
cent of total capacity in 1970 to nearly 40 per- 
cent in 1990. The 475,000 megawatts of nuclear 
capacity projected for 1990 will include a grow- 
ing number of breeder reactors. However, the 
actual breeder capacity will depend upon the 
U.S. breeder development timetable, presently 
aimed at commercial availability by the mid- 
1980s. 

Fossil-fueled steam-electric power plants have, 
in recent years, accounted for more than 75 per- 
cent of total generating capacity and have pro- 
duced more than 80 percent of the electric en- 
ergy. While the percentage of fossil capacity will 
decline, the amount of fossil-fueled steam-electric 
capacity will more than double in the period to 
1990. 

The percentage of conventional hydroelectric 
capacity of the total power supply is expected to 
decrease, primarily because of the limited num- 
ber of remaining sites suitable for economic de- 
velopment. On the other hand, pumped storage 
hydroelectric capacity is expected to increase 
from less than 4,000 megawatts in 1970 to about 
70,000 megawatts in 1990. Many areas of the 
country have numerous potential pumped-stor- 
age sites that can be developed at relatively low 
cost. This, combined with the anticipated in- 
crease in availability of low incremental cost nu- 
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TABLE 18.1 


Generating Capacity by Types of Prime Mover, Peak Demands and Reserves 


1970 1 1980 1990 
Capacity 
MW Percent MW Percent MW Percent 
ConventionaliHydros 4. ee 51,600 1a 2 68 , 000 10.4 82,000 655 
Pumped Storage Hydro. ............% 3,600 1.1 27,000 4.0 70,000 5.6 
[G@tand Gas) Furbines.2. 447 | ae 19,200 5 40,000 6.0 75,000 5.9 
‘Fossil'Steami0 s6. cece see a ee 259, 100 ye 390 , 000 58.6 558 , 000 44.3 
Nuclear conn Gon ee 6,500 1.9 140,000 21.0 475,000 Wh T/ 
Lotaliesty ect Sa ee nee 340, 000 100.0 665,000 100.0 1,260,000 100.0 
PeaksDemand see iit ho eee 2751 00M A acue Seite sere 53995 OOO aie csustsinies os 1,050, 000 veo erate 
Indicated Reservessc oe See ee 645300 ee acueeeieraerac VO} 000 Recs eee 210,000". Soc eres 
Reserves in Percent of Peak.......... DSL eicre cto eee 20) Se ae 20 *....0. eRe 


1 Year-end capacity is shown, some of which was installed after the date of peak demand. Therefore, actual reserves 


were somewhat less than indicated. 


clear energy for pumping, is expected to lead to 
increasing use of pumped storage as a source of 
peaking capacity. 

Reciprocating engines (mostly diesel) and gas 
turbine generators aggregated 19,200 megawatts 
in 1970, about six percent of total capacity. 
Their numbers are expected to increase, with 
combined capacity amounting to approximately 
75,000 megawatts by 1990. As such capacity is 
installed mainly for peaking and emergency use, 
it produces only a very small part of the total 
energy. Nevertheless, it is an important compo- 
nent of the power supply. Gas turbines, particu- 
larly because of their low capital cost, short lead 
time, and ease and speed with which they can 
be started and loaded automatically, afford a de- 
sirable type of peaking and standby (reserve) 
capacity. Even though diesel prime movers pos- 
sess similar characteristics for start-up and load- 
ing, they are not expected to be available in 
large enough sizes to represent a large compo- 
nent of peaking capacity. 

The present and probable future locations of 
major load centers (figure 18.1) were important 
factors in developing the 1980 and 1990 patterns 
of generating capacity. The generalized loca- 
tions of major centers of generation, by types of 
prime mover, for the years 1970, 1980, and 1990 
are shown on figures 18.2, 18.3 and 18.4. 

The amounts of generating capacity by types 
listed in table 18.1 represent the sum of the ca- 
pacity totals for each of the six regions into 
which the contiguous United States was divided. 


Similarly, the magnitudes of annual peak de- 
mand and required reserves are the sums of the 
regional demands and reserves. 

In considering future needs for new generat- 
ing capacity, it is necessary to allow for retire- 
ments of existing capacity. To determine the 
probable magnitude of retirements, a study was 
made of the age of the 1970 generating equip- 
ment by type of prime mover. The results of 
this study are shown in table 18.2. 

Conventional hydroelectric projects have serv- 
ice lives up to 100 years, although most items of 
equipment are replaced at least once during the 
service life. In the study of new capacity needs 
during the next two decades, it was assumed 
that hydroelectric capacity retirements would be 
replaced in kind. Retirements of pumped stor- 
age hydro, gas turbine, internal combustion, and 
nuclear installations during this period will not 
be significant in terms of total capacity. Assum- 
ing that fossil-fueled steam-electric capacity will 
be retired at the end of 35 years of service, re- 
tirements will total 24,630 and 60,769 megawatts 
during the periods 1971-1980 and 1981-1990, 
respectively. ‘Taking these retirements into ac- 
count, the needs for new capacity are shown by 
type of prime mover in table 18.3. 

Information in the reports of the Regional” 
Advisory Committees and the report of the 
Technical Advisory Committee on Generation 
was supplemented by staff studies to project 
how the capacity needs in table 18.3 might be 
met. The details on new conventional and 
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TABLE 18.2 
1970 Generating Capacity by Dates of Installation and Types of Prime Mover—Contiguous United States 


[Megawatts | 
Conventional Pumped Fossil I.C. and Gas 
Date of Installation Hydro Storage Steam Nuclear Turbines Total 
Hydro 
1940 Sd earliertan.......- 10,548 24 17,961 0 426 28,959 
1941195087 ees oe 6,358 11 23,831 0 959 31,159 
19511960 Sete cee: 14, 566 59 95, 365 493 1,369 111,852 
1961197 Okeroa 20, 128 3, 506 121,943 6,007 16,446 168,030 
Total Capacity..... 51,600 3,600 259, 100 6,500 19,200 340, 000 


pumped storage hydroelectric installations are 
given in chapter 7. For fossil-fueled and nuclear 
steam-electric capacity, particular attention was 
given to the unit sizes that may be installed. 
Unit size has a direct effect on capital costs and 
economy of generation, and also on the amount 
of reserve generating capacity required for relia- 
ble service. Large sizes have lower unit costs but 
tend to increase required reserves. In addition 
to balancing the economy of size with the cost 
of additional reserves, there are many other fac- 
tors which must be considered in selecting the 
optimum unit size for installation at a particular 
time and place. These include manufacturing 
limitations, load growth, load concentrations, 
environmental considerations, and transmission 
needs. 

The maximum sizes of fossil-fueled and nu- 
clear steam-electric units assumed by the Re- 
gional Advisory Committees are listed in table 
18.4. 

The Technical Advisory Committee on Gen- 
eration projected that 2,000-megawatt fossil- 


TABLE 18.3 
New Capacity Needs by Type of Prime Mover 


[Megawatts] 


Type of Capacity 1971-1980 1981-1990 1971-1990 


Conventional hydro.... 16,000 14,000 30, 000 
Pumped storage hydro. 23,000 43,000 66 , 000 
IC and gas turbines.... 21,000 35,000 56 , 000 
Hossilisteam snc. > - 156,000 229,000 385 , 000 
INuclearsm oer eee tas 134,000 335,000 469 , 000 

otal avee seeps ol 350,000 656,000 1,006,000 


fueled units would be available by 1980 and 
3,000-megawatt units by 1990. This Committee 
also projected that nuclear units would increase 
in size to 3,000 megawatts. The sizes of units se- 
lected for purposes of this report fall generally 
between the sizes projected by the Regional 
Technical Committees. The estimated composi- 
tion of the 1980 and 1990 fossil-fueled steam- 
electric capacity by unit size is shown in table 
18.5. 


Because of retirements of small existing units, 
the number of units operating in 1980 and 1990 
will decrease appreciably despite substantial in- 
creases in total capacity. For example, the num- 
ber of operating units is expected to decrease by 
more than 800 during the 1981-1990 period 
when a net increase of 168,000 megawatts of ca- 
pacity is anticipated (229,000 MW of new ca- 
pacity less retirements of 61,000 MW of existing 
capacity.) 

The projected composition of the 1980 and 


TABLE 18.4 


Maximum Size of Generating Units Anticipated 
by Regional Advisory Committees 


[Megawatts | 
1980 1990 
Region 

Fossil Nuclear Fossil Nuclear 
Northeast....... 1,200 1,200 1,500 2,000 
East Central.... 1,300 1,500 2,000 2,500 
Southeast. ide 1,200 1,200 1,500 2,000 
West Central.... 800 1,500 1,100 2,000 
South Central... 1,060 1,060 1,700 1,700 
Westies 1,000 1,200 1,500 2,000 


MAJOR ELECTRIC LOAD CENTERS 
1970 — 1990 


ELECTRIC LOAD 
e 05- 1. GW 


e 1. - 3.eW 
@® 3. -10.GW 
@ 10. - 20. cw 
@ 20. — 40. GW 
@ 1970 LOAD @ 1970-1990 ADDITION Figure 18.1 


GENERATING CENTERS 
1970 


@ CONVENTIONAL HYDRO @ FOSSIL STEAM 
e@ PUMPED STORAGE HYDRO @ NUCLEAR STEAM 


e 05-1 GW 
@~ 1.-— 3 -GW 
@ 3-9 GW 
@ 9 — 20 GW Figure 18.2 
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GENERATING CENTERS 
1980 


@ CONVENTIONAL HYDRO © FOSSIL STEAM 
®@ PUMPED STORAGE HYDRO © NUCLEAR STEAM 
e 0.5-1 GW 
e@ 1-3 6W 
@ 3-9GW 


@ 3 - 2a Figure 18.3 


GENERATING CENTERS 


® CONVENTIONAL HYDRO @ FOSSIL STEAM 
© PUMPED STORAGE HYDRO © NUCLEAR STEAM 
e 05-1 GW 
e 1-3 GW 

@ 3-9 GW 

& 9-20 GW Figure 18.4 


I-18—5 


TABLE 18.5 
Fossil-Fueled Steam-Electric Capacity by Unit Sizes, 1970, 1980 and 1990 


1970 1980 1990 
Unit Size MW Capacity No. of Avg. Size Capacity No. of Avg. Size Capacity No. of Avg. Size 
1,000’s of —_ Units MW 1,000’s of Units MW 1,000’s of ~—_— Units MW 
MW MW MW 

600 and less...... 235 3,265 70 273 2,258 120 262 1,254 210 
601to 120023 ee 24 33 750 102 120 850 163 185 880 
1,20 eto. IRGOO Re tne eer ane ve aan taht hee 15 11 1,360 90 60 1,500 
1 BO 1-6°2 400. 5d caret ee Sin ote EL «. «AE eM aL Dee fo tele MOO) atm as 4 cetaceans ols opus 43 21 2,050 
WESatotaleeer 259 3,298 80 390 2,389 160 558 1,520 370 


1990 nuclear capacity by unit sizes is shown in 
table 18.6. 

The capacity ratings of the new nuclear units 
to be installed during the next two decades are 
expected to be only slightly higher, on the aver- 
age, than the ratings of new fossil-fueled units. 
However, the much larger average size of the 
1990 nuclear capacity (1,160 MW) as compared 
to the 1990 fossil-fueled average size (370 MW) 
will be due principally to the number of rela- 
tively small existing fossil-fueled units which 
will still be operating in that year. 

Although significant amounts of new capacity 
will be installed at existing generation station 
sites, the bulk of the new capacity installations 
is expected at new sites. The estimated numbers 
of new sites required for large plants are shown 
in table 18.7. Sites for internal combustion and 
gas turbine plants are not shown because the 
land areas and water requirements for such plants 
are small. Table 18.7 does not reflect either 
those existing plant sites where capacity addi- 


tions will be made or the many older sites 
(usually close to population centers) that will 
be abandoned as the new sites are developed. 
Thus, the numbers shown in the table do not 
represent net additions to the total number of 
generating sites. 


Generation by Type of Capacity 


Following selection of the 1980 and 1990 ca- 
pacity by type, estimates were made of the en- 
ergy generation by type of capacity. Generation 
by conventional hydroelectric plants was based 
upon the average potential of each plant. 
Pumped storage, gas turbine and internal com- 
bustion, and nuclear units were assumed to op- 
erate at average annual capacity factors of ap- 
proximately 10, 7.5, and 70 percent, respectively. 
It was assumed that fossil-fueled steam-electric 
capacity would supply the balance of the energy 
requirements. 

Generation in 1970 by type of capacity and 
corresponding estimates for 1980 and 1990 are 


TABLE 18.6 
Nuclear Capacity by Unit Sizes, 1980 and 1990 


1980 1990 
Unit Size MW 
Capacity No. of Avg. Size Capacity No. of Avg. Size 
MW Units MW MW Units MW 

600.and less 72a okt ee ee 13,000 34 380 18,000 43 420 
601 <totl; 2007. 2 eases Gee ieee ee 93,000 101 920 223, 000 22/7 980 
L201: to-15800.ia 14 eee 34, 000 23 1,480 139,000 95 1,460 
1,801] ‘to’ 23400 5. i synced eer tec aie eye rT ee create prec eters 66 , 000 32 2,060 
2401030003, chee c SERRE Bh, ee ae 0 che 8 clot ae nae rc an eee ees 29,000 11 2,640 
U:Sstotalt aac eae 140,000 158 890 475,000 408 1,160 


TABLE 18.7 


New Generating Plant Sites Required by Types 
of Plant 1971 to 1990 


Number of Plant Sites 


1971- 1981- 1971- 
1980 1990 1990 


Conventional hydro 


shown in table 18.8. The total generation in- 
cludes energy required for pumping at pumped 
storage hydroelectric plants in the amounts of 6, 
38, and 94 billion kilowatt-hours for the years 
1970, 1980, and 1990, respectively. 

Electric energy supplied by nuclear plants is 
expected to increase from less than 2 percent of 
the total in 1970 to nearly 50 percent by 1990. 
Fossil-fueled steam-electric plants will supply a 


(100 MW and above)...... 15 25 40 decreasing portion of total energy requirements, 
Pumped storage hydro but will supply twice as much energy in 1990 as 
oii and above)sh az. 30 a °° in 1970. By 1990 the three other classes of capac- 

Fossil steam . ; ; 
(500 MW and above)...... 80 60 149 ‘ity will be used largely for peaking and, al- 
Nuclear (500 MW and above). 70 90 160 though comprising about 18 percent of total ca- 
7] Gnu tae ee | Pacity, williproduce: only about.7 “percent? of 

Tt eee 185 210 395 total generation. 
TABLE 18.8 


U.S. Generation by Type of Capacity, 1970, 1980, and 1990 


C@onventionalihydrove acts. i ee oe ee re ae es 
RUM ped storage ny Arom-ryeentamnenias Secs cheers Sees aie Bs 
TGrandigassturbine tec meyers cic vais eke a tere Des ices ore cue oye ors 
Hossilfsteam age epee etre safsieic eine aitie atte batrath el eka Ree 
INUICIEA am rae tye cat bire tee «crac cepts Micatley 6 saucers atontcovehape ok cnet. 8 


ASOTE CHLIONAUNY QUO cr cesar te ces Mee eta ee eee ci eee oi 
PRUE DCGrStOrage NYGTO! eu, wien s,s tise Wie che Seems, Sie Tons Wels es « 
LGqandey as turbines, -.baleaids ss ee ee es Hae es eh e+ 6 
Pipette at tener Gaur eAr RA AGE 2. Cidcie ekts, AeA. Wate et. 
ING CCAD Oe abe, . igh fetaye ths midis aeuh*s we Zk dom acti hss 


Coaovenuonal BVClOn on « aides «nce cules tas Ae hecs susisumue cys P 
Bumped storagerhy droeesee ae cies tere cerns 
UGzanaerasMurOiIne.. a. sete e Me ee one eke nek emis fs 
Posstlistéamie, pues =5. sah s cteie eee aGulle eee oem «alieto 
Nieleanmiarig? Pot aeons «Gk -ge eek. wa sare. 


see ee 


Generation 
Capacity 
Thousand Million Percent of Capacity 
MW MWh ! Total Factor—% 
1970— Actual 
OEE 51.6 253 16.4 56 
3.6 4 0.3 13 
i Ses 19.2 21 1.4 12 
Meso 25951 1,241 80.5 55 
Gio d 22 1.4 39 
Be 340.0 1,541 100.0 52 
1980—Estimated 
Pies ce 68 292 9.3 49 
ts 27 25 0.8 10 
Me Be 40 27 0.9 8 
ee 390 1,895 60.9 55 
res 3 140 874 2om 71 
fetes 665 3513 100.0 53 
1990— Estimated 
See 82 319 5.4 44 
Pea wire 70 62 Wall 10 
te ee 75 49 0.8 7 
feta 558 2,979 43.5 53 
A 475 2591S 49.2 70 
Tone 1,260 5,922 100.0 54 


1 Includes pumping energy for pumped storage hydroelectric projects but does not include in-plant uses. 
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Reserve Generating Capacity 


Reserve capacity is provided in electric power 
systems to allow for: the need to perform main- 
tenance on generating capacity, the effects on 
unit output of existing physical and ambient 
conditions, unexpected outages of generating ca- 
pacity, and characteristics of load including de- 
viations from load estimates. As used. herein, 
“reserve capacity” does not include an allowance 
to provide for possible slippage, or unscheduled 
delays, in bringing new facilities into service. 
This additional contingency must be considered 
in scheduling facilities to serve future loads, but 
it is essentially a problem of realistic scheduling 
rather than an item to be covered in reserve 
planning. 


Methods of Determining Reserve Requirements 


The planning techniques used by electric util- 
ity systems to establish required reserve levels 
can be divided into two broad categories: 

1. Non-probabilistic methods 
2. Probabilistic methods 


Generating capacity requirements based on a 
non-probabilistic method have generally been 
determined by establishing minimum reserve re- 
quirements over the annual peak load period 
based on: 

1. A fixed percentage of peak load, or 

2. A fixed multiple of the system’s largest 
generating unit, as for example the 
largest unit plus an average-sized unit. 


Reliability of Calculations 


In the use of these non-probabilistic methods, 
judgment plays a predominant role. ‘Their only 
advantage is simplicity, since reserve require- 
ments can easily be calculated once an annual 
peak load has been projected and the capacity 
of the largest unit is known. This simplicity of 
application, however, is offset by the inherent 
inability of such methods to measure, in a quan- 
titative manner, the system reliability associated 
with such reserve determinations. In this ap- 
proach, little consideration is given to the daily, 
monthly, and seasonal load patterns, or to the 
characteristics of generating equipment peculiar 
to the individual system, such as unit availabili- 
ties and the mix of unit types and sizes. 

Probabilistic methods, although complex, pro- 
vide an analytical means for evaluating the rela- 
tive risk associated with supplying system load 


requirements by various means. This is gener- 
ally accomplished by interrelating the load and 
capacity models developed for the particular sys- 
tem and time period under study. The load 
model usually consists of a series of load levels 
representing the full range of daily or monthly 
peak loads anticipated throughout the given pe- 
riod. The model is usually developed from his- 
torical records of daily peaks, with adjustments 
to reflect expected changes in load characteris- 
tics of future loads. It may also include provi- 
sion for the probability of load changes because 
of deviations from normal conditions of weather 
or expected economic activity. 

The capacity models used in probabilistic 
methods usually involve calculating the likeli- 
hood of availability of various levels of system 
generating capacity, based on assumed forced 
outage rates for the individual units. The study 
period is usually divided into uniform mainte- 
nance intervals so that units that would not be 
available for service due to scheduled mainte- 
nance would be excluded from the calculations 
for that particular interval. In effect, this results 
in a number of capacity models. The interrela- 
tion of such capacity models with load models 
forms the basis for evaluating the risk of capac- 
ity not being able to satisfy the load require- 
ments. Sample calculations and more detailed 
explanations are given in some of the Regional 
Advisory Committee reports published in Parts 
II and II of the National Power Survey. 

If generation and load models are meshed, 
the accumulated probability or frequency of the 
load exceeding available generation can be cal- 
culated. In the reliability models, as in the oth- 
ers, the outage rates and changes in load levels 
are independent events, so the probability of si- 
multaneous occurrences of any set of conditions 
is the product of their individual probabilities. 
These figures are developed for each possible 
generation and load level, and the sum of all 
the probabilities of load in excess of available 
capacity represents the probability of some loss 
of load. Usually the probability is expressed in 
terms of days per year. If the probability of los- 
ing load is greater than a standard risk index, 
then steps must be taken to provide additional 
capacity (reserve) to be available when needed. 

In establishing criteria for any reserve study, 
consideration must be given to such factors as 
the extent to which provision needs to be made 
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for actual conditions several years into the fu- 
ture being different from existing conditions. 
Factors that warrant special consideration in- 
clude: (1) the increased trend toward larger 
unit sizes, (2) the higher forced outage rates as- 
sociated with such units, at least during their in- 
itial years of service before reaching maturity 
and before necessary design modifications and 
improvements have been incorporated into sub- 
sequent units of any given series, (3) the lim- 
ited amount of operating data on large units in 
general, and nuclear units in particular, mak- 
ing predictions of unit availability relatively un- 
certain, and (4) the uncertainties of load fore- 
casting, particularly as they relate to departures 
from the normal long-range economic trend, the 
likelihood of occurrence of extremes in weather, 
and the rapid growth rate of temperature-sensi- 
tive loads. 

The factors discussed above are, in large 
measure, uncontrollable and hence require a 
reasonable degree of conservatism when estab- 
lishing the basic projections and assumptions to 
be used in the determination of future reserve 
requirements. 


Regional Reserve Requirements 


The Regional Advisory Committees developed 
figures for future reserve requirements using a 
variety of analytical methods. With this material 
as a base, the Commission staff made analyses 
for 1980 and 1990, using the same methodology 
for all Regions. In the staff analyses separate cal- 
culations were made to determine the composi- 
tion of total reserves required in order to quan- 
tify the requirements for forced outages, load 
growth uncertainties, and on-peak maintenance. 
The results of the staff analyses for the 1990 con- 
ditions showed a national average reserve re- 
quirement of about 20 percent of peak load. In- 
dividual analyses varied within a range of 15 to 
26 percent, reflecting anticipated differences in 
unit size, type and characteristics of generation, 
and characteristics of load. 

On a national basis, the Advisory Committee 
and Commission staff studies indicated near- 
identical figures. There were considerable differ- 
ences, however, between Regional figures and 
the Regional components of the staff studies, 
probably because of differences in outlook and 
analytical methods used by the various study 
groups. For sake of consistency, staff figures are 


used in this report. The characteristics of the fa- 
cilities, loads, and interconnections of an indi- 
vidual utility system, as they actually develop, 
may warrant significant variations from the re- 
gional reserve figures shown. 

Some of the general criteria used in the staff 
studies are summarized in the following para- 


graphs. 


‘Reserves for Forced Outages 


Using a loss of load probability technique, re- 
serves for forced outages were provided to meet 
a risk index of one day in ten years. Forced out- 
age rates ranging from 3.6 percent for 350 mega- 
watt units to 7.5 percent for 2,100 megawatt 
units and above were used in the study. These 
rates are lower than those now being experi- 
enced but improvement is anticipated. Also, 
these mature forced outage rates were increased 
by a judgment factor of 12 percent to reflect 
higher rates for units in various stages of imma- 
turity. A significant factor in the regional varia- 
tions in reserves required for forced outages was 
the proposed size of steam-electric units with re- 
spect to peak load. Larger unit sizes, when 
related to a given system size, inherently require 
larger reserves to provide a given standard of re- 
liability. The composition of the total capacity 
by types of generation was also an important 
factor. Forced outages, for example, are greater 
for thermal plants than for hydro-electric plants 
and are greater for a coal-fired plant than a gas- 
fired plant. The 1990 estimated reserves for 
forced outages varied between 9.2 and 12.8 per- 
cent, with a national average of about 11 per- 
cent. 


Reserves for Load Growth Uncertainties 


The Commission staff analyses of reserves re- 
quired for load growth uncertainties were 
related to the historical maximum underesti- 
mates of electric utility load forecasts. The re- 
serve requirements for this item were developed 
by comparing a series of one, two, three, and 
four-year forecasts of peak loads with actual 
peak loads during the 1958 and 1968 period. 
The national average deviation was about 5 per- 
cent, with individual analyses ranging from 4 to 


7 percent. 


Reserves for On-Peak Maintenance 


Routine maintenance down-time varies among 
units, but records show a definite and relatively 
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TABLE 18.9 


Estimated Scheduled Maintenance Requirements 
by Unit Size 


Scheduled Maintenance 


Size of Unit, MW 
in Percent of Time 


0-600 Mi pe a RSs eT oe 4.2 
GO 1ST 200 eee tebe ona ote 8.3 
120 land ovetsc. & on ner eee 10.4 


consistent relation between unit sizes and sched- 
uled maintenance outages. The scheduled main- 
tenance requirements used in the Commission 
staff analysis are shown on table 18.9. 

In the staff studies, the maintenance require- 
ments shown in table 18.9 were increased by 15 
percent to allow some margin for scheduling. 
The total maintenance requirements for each 
Region were then summarized in terms of giga- 
watt-months to show the relation between avail- 
able off-peak capacity and the maintenance 
needs. Any potential firm capacity exchanges be- 
tween Regions were disregarded. The results of 
these analyses for 1990 showed that some regions 
would have adequate off-peak capacity to cover 
maintenance outages, but others were short by 
as much as 7 percent. Nationally, reserve re- 
quirements for scheduled maintenance averaged 
less than 2 percent. 


Total Required Reserve Capacities 


The total reserve allowances used in establish- 
ing future capacity requirements, shown in table 
18.12, are those developed in the staff studies. 
They are not intended to be firm projections of 
reserve requirements in these future years. Such 
requirements need continuing review to reflect 
evolving information on equipment availability, 
maintenance requirements, and load forecasts. 

As noted at the beginning of this section, the 
calculated reserves do not include an allowance 
for slippage of inservice dates for new generat- 
ing and transmission facilities. Slippage has 
been an important factor, particularly in recent 
years, in difficulties many systems have experi- 
enced in meeting loads. Recent experiences with 
licensing delays, equipment troubles, construc- 
tion delays, and manpower problems have dra- 
matically illustrated the importance of providing 
sufficient lead times to insure that new facilities 
are placed in service as scheduled. Nonetheless, 


even with reasonably increased allowances for 
lead time, however, it may be appropriate to 
provide some contingency capacity, over and 
above normal reserve requirements, for unavoid- 
able delays that cannot be counteracted by sub- 
stitutions, accelerated construction, or other rea- 
sonable management devices. 


Possible Patterns of Transmission to 1990 
Primary Transmission Facilities 


Overhead transmission lines in the United 
States, 23 kV nominal level and above, totaled 
approximately 65,000 circuit miles in 1970. The 
miles of overhead lines in 1970 by selected vol- 
tage classes for the total electric utility industry 
by National Power Survey regions, and the esti- 
mated total mileages for 1980 and 1990, are 
shown in table 18.10. 

In addition to the overhead lines included in 
table 18.10, there were also in service some un- 
derground cables of 230 and 345 kilovolt ratings. 
However, the circuit miles were very small. In 
1970, the mileages totaled a little over 60 and 
90, respectively. These represent installations in 
highly congested urban areas where overhead 
circuits are impractical. Current research and 
development projects are expected to improve 
the feasibility of underground transmission, but 
both high costs and technological limitations 
have effectively restricted the use of the higher 
voltage cables up to this time. The highest vol- 
tage underground cable installation currently 
planned in the United States is one at Grand 
Coulee Dam utilizing self-contained, foreign- 
manufactured 525 kilovolt oil type cables to 
connect the new powerhouse section with the 
extra high voltage (EHV) switchyard. Ulti- 
mately it will contain nine cables with an aver- 
age length of 6,500 feet. The initial installation 
is scheduled for completion by July 1973. 

Another step in the progression to higher 
overhead transmission voltages was accom- 
plished during 1969 when the first 765 kilovolt 
alternating current (ac) facilities were placed in 
service on the American Electric Power Compa- 
ny’s system. Greatly expanded use of 500 and 
765 kilovolt ac is expected for the years ahead, 
and it is anticipated by some that the next step 
above 765 kilovolt may be introduced by the 
end of this decade. The next ac voltage level 
has not been determined. Present research and 
development efforts encompass a range of 1,000 
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TABLE 18.10 


Circuit Miles of Overhead Transmission Lines 


Region 
Voltage Level 
and Year Northeast East Southeast South West West US. 
Central Central Central Total 

230 kV ac 

LOOSE sear. ere 3i6. 5, 360 160 6,330 1,000 5, 800 21,950 40,600 

LOS Bere Sb acce sae 6,140 230 17,620 2,440 6,620 26,510 59, 560 

LOGO A eee sane ere ak 6, 900 230 Die S20 4,000 6,850 27, 880 67,180 
287 kV ac 

MO AO) SoS CG AS eee 1,020 1,020 

NOG OMe espe Ae 870 870 

O90 ee cheers 560 560 
345 kV ac 

PO7OMA re ee oe 1,210 4,900 3,520 2,970 2,580 15,180 

T9804 ets, sees: 33110 9,700 7,930 6, 340 5,590 32,670 

D990 Ree EEG 9. aye 3,960 11,500 13,600 10,600 7,790 47,450 
500 kV ac 

OOPS cece ee 880 600 830 1,180 3,730 7,220 

NOSO MAE? Sonate 1,600 1,200 4,150 2,410 1,250 9,570 20, 180 

OOO seetnek. «2 Ahe 3 2,200 1,500 9,020 3,480 2,440 14, 760 33,400 
765 kV ac 

LO7ONC ARO ce 500 500 

LOGO eke 2,600 570 370 3,540 

LOOM He eae 1,320 3, 800 670 2,170 980 8,940 
800 kV dc 

VOTO tocar 850 850 

VOSOMR eee ee wees (Ge) 1,670 1,670 

TOSOMAIAE oe ht oe 1,670 1,670 


*Note: DC in small amounts both overhead and underground may be placed in service in the early 80’s in the Northeast 


to 1,500 kilovolts. Problems of progressing to 
these ultra-high-voltages are discussed in chapter 
21, which deals with research and development 
needs of the electric power industry. 

The first extra-high-voltage direct current 
(EHVdc) transmission line in the United States 
was placed in service in the first half of 1970 
when an 800 kilovolt (+400 kV) dc connec- 
tion was completed between Bonneville Power 
Administration’s Celilo Station in northern Ore- 
gon and the Los Angeles Department of Water 
and Power’s Sylmar Station in southern Califor- 
nia. Although the Regional Advisory Commit- 
tees’ projections to 1990 do not forecast any sig- 
nificant additional HVdc except a_ proposed 
second circuit between the Pacific Northwest 
and Southwest, the Commission expects that the 


advantages for such types of installations will 
lead to other applications of HVdc, particularly 
in metropolitan or other heavily congested 
areas. HVdc may also be helpful for special pur- 
poses such as non-synchronous connections be- 
tween alternating current networks. 

With the exception of a major portion of the 
electric systems in the Texas area of the South 
Central Region, all of the larger utilities of the 
National Power Survey regions are intercon- 
nected. In a few instances, however, the inter- 
connecting lines have insufficient capacity to as- 
sure stable operation under some conditions. 
This is particularly true of the east-west connec- 
tions in the Rocky Mountain area where open- 
ings of the relatively weak ties occur an average 
of about twice daily. 


J-18-11 


Figure 18.5—Stringing conductor bundles for a 765-kV 
transmission line. (American Electric Power System). 


Currently there are no plans to connect the 
network of the Texas Interconnected Systems 
with the remainder of the nationwide grid but 
the Commission suggests that serious considera- 
tion be given to some form of interconnection. 
This could be one of the instances in which 
HVdc would constitute an effective means of 
permitting diversity exchanges and transfers of 
power in emergencies. 

The 1970 transmission system of 230 kilovolt 
nominal level and above is shown in figure 13.1, 
and a possible pattern of transmission for 1990 
is shown on figure 18.6. The future transmission 
shown on figure 18.6 is a combination of the 
projections submitted by the Regional Advisory 
Committees and additions in several areas where 
the Commission’s staff believes more inter- 
connection capability will be needed to provide 
reliability and emergency interchange capacity 
to assure service standards that should character- 
ize the United States electric utility industry. 

The transmission additions are based on FPC 
staff appraisals and judgment rather than a de- 
tailed analysis. Therefore, it is clear that the in- 
dividual lines depicted should not be inter- 


preted as specific recommendations but 
constitute only a possible pattern which should 
be viewed as a general outline to encourage fur- 
ther study. It is hoped that some of the 
suggested connections will stimulate serious con- 
sideration and study of transmission system de- 
velopments which might further improve relia- 
bility and better serve some areas which are now 
isolated or weakly connected to the primary 
network covering most of the 48 contiguous 
States. 

The present and suggested future transmis- 
sion situations by regions, as discussed in the 
next several sections of this chapter, reflect the 
general premises of the Regional Advisory Com- 
mittees as well as the ideas of the staff regarding 
transmission system developments to meet bulk 
power supply requirements during the next two 
decades. There are occasional differences in 
views about how some of the future develop- 
ments may materialize, but these do not change 
the objectives and are primarily a function of 
technological developments and improvements 
which might offer better ways of meeting future 
needs and solving the problems of an adequate 
and reliable power supply. 

In any long-range plan, such as illustrated on 
figure 18.6, it is essential to recognize that fac- 
tors not now present may require substantial 
modification of general plans by the time they 
are put into actual use. Increasing emphasis on 
environmental considerations and right-of-way 
availability, may effect changes in the size, type, 
and location of generating plants, transmission 
lines, and associated facilities. Studies now un- 
derway within the industry, including those in 
the area of cryogenics, are directed toward re- 
ducing costs of underground transmission of both 
alternating current and direct current. It is con- 
ceivable that substantial amounts of direct cur- 
rent transmission may be found feasible for 
longer distances in the populous areas of the 
Northeast and Atlantic states before 1990. As 
density of population increases, the amounts of 
underground high voltage, high capacity circuits 
are expected to grow because of objections to 
overhead systems or the physical infeasibility of 
their construction. 


Northeast Region 


Historically, most generating plants in the 
Northeast Region have been located at or near 


J-18-12 


Figure 18.7—Vermont-Yankee Nuclear Power Plant. 


major load centers. Consequently, high-voltage, 
high-capacity transmission for moving large 
blocks of generated power from remote plant 
sites to load centers was not used extensively 
prior to 1960, except for the lower Susque- 
hanna, Upper Connecticut River and St. Law- 
rence hydroelectric developments. In New Eng- 
land, except for limited amounts of 230 
kilovolts, the transmission network comprised 
primarily 69 and 115 kilovolt facilities. In New 
York, New Jersey and Pennsylvania, a substan- 
tial amount of 230 kilovolt transmission was in 
operation in addition to the underlying 138 and 
115 kilovolt systems, and some 192 miles of 138 
kilovolt underground lines were installed in 
New York City. During the 1961-1970 decade a 
345 kilovolt system was constructed in New 
York, 500 kilovolt transmission was added in 
the Pennsylvania-New Jersey-Maryland (PJM) 
power pool, and construction of a 345 kilovolt 
loop was undertaken in New England. . 
Progressive development of interconnections 
and pooling among electric utilities of the 
Northeast lent impetus to the planning and de- 
velopment of more extensive and higher voltage 
transmission grids. From the standpoint of re- 
gional transmission considerations, developments 
progressed from three sub-regional groups: (a) 
the PJM Interconnection, (b) the New York 
Power Pool and (c) the New England Power 
Exchange (initially Connecticut Valley Electric 
Exchange [Convex], New England Electric Sys- 
tem, Eastern Utilities Associates, and others) . 
The need for stronger ties among systems and 
pools, and the necessity for more extensive coor- 
dination over larger areas both for planning the 
expansion of physical facilities and for the daily 
operation of the interconnected system were 


stressed in the Commission’s National Power 
Survey of 1964. The need for strengthened 
transmission interconnections was _ forcefully 
demonstrated by the widespread power interrup- 
tion throughout New York, New England, and 
Ontario in November 1965, and again by the 
PJM power interruption in June 1967. As an 
outgrowth of these needs, the Northeast Power 
Coordinating Council (NPCC) and the Mid-At- 
lantic Area Coordination Group (MAAC) were 
formed. These organizations have directed their 
attention particularly to reliability aspects of 
transmission and generation planning. 

In the PJM area, construction of large gener- 
ating units in the coal mining sections of west- 
ern Pennsylvania resulted in construction of 500 
kilovolt lines to transmit the power to load cen- 
ters in eastern Pennsylvania and New Jersey, 
and to provide inter-area ties with adjacent re- 
gions. This initial 500 kilovolt system is devel- 
oping into an extensive network to serve the 
primary transmission needs of the overall PJM 
Interconnection. 

In the period to 1980, 345 kilovolt transmis- 
sion will be extended in New England and New 
York and between New York and New Jersey; 
500 kilovolt transmission in the PJM power 
pool will be expanded in the Baltimore and 
Washington, D.C. areas; and additional EHV 
connections will be made with systems in adja- 
cent regions to strengthen ties for regional coor- 
dination. In the 1981 to 1990 decade, transmis- 
sion networks will include expansion of 345 
kilovolt and 500 kilovolt lines and _ facilities 
plus substantial amounts of higher voltage trans- 
mission lines. In New York and New England 
765 kilovolt transmission is a logical overlay for 
345 kilovolt transmission since it provides 
higher transmission capability and is compatible 
with the same voltage system already con- 
structed in the adjoining East Central Region. 
Some sections of recently planned new transmis- 
sion lines in New York will operate initially at 
345 kilovolts but are designed for later use at 
765 kilovolts. Although no voltage higher than 
500 kilovolts is presently planned for construc- 
tion by 1990 for the PJM pool, 1,000 kilovolts 
or higher transmission is a possibility in view of 
current research. Principal elements of an EHV 
grid are illustrated in the Northeast Regional 
Advisory Committee’s report for the Northeast 


Region, published in Part II of the National 
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Power Survey and are reflected in the nation- 
wide map of the possible pattern of transmission 
for 1990, figure 18.6. 

Connections between Canadian and U.S. utili- 
ties in the Northeast have existed for many 
years, and recent changes and additions have 
been made to improve the transfer capabilities 
in some areas, particularly the connections in 
eastern Maine which provide access to U.S. im- 
ports of power from New Brunswick and 
Quebec. Development of potentially large hy- 
droelectric resources in Eastern Canada could 
lead to further transmission system develop- 
ments to permit transfers of sizeable blocks of 
power into the New England and New York 
areas. 

The principal differences in the views of the 
Commission and the Advisory Committees about 
future transmission installations are matters of 
scheduling. ‘The Commission staff considers that 
the needs for greater transmission capability will 
justify initial 765 kilovolt installations by 1980 
and that the parts of the region which now uti- 
lize 500 kilovolts for the backbone system will 
introduce by 1990 an overlay voltage appropri- 
ate at the time for use in combination with 500 
kilovolts. 

The Commission staff also believes that a HV 
dc underground system may be instituted by 
1990, which would play an important role in 
serving the megalopolis area from Washington, 
D.C. to Boston. High voltage dc transmission 
may also be useful for establishing some non- 
synchronous ties with Canadian systems and 
elsewhere if current technological programs in- 
dicate a desirability for limiting load frequency 
control areas to some maximum size that cannot 
be readily met in other ways. 


East Central Region 


The electric utilities of the East Central Re- 
gion were among the pioneers in interconnect- 
ing electric systems. They have been in the fore- 
front in the application of EHV transmission. 
The first 345 kilovolt and 765 kilovolt trans- 
mission lines in the United States were con- 
structed in this region. 

The 765 kilovolt lines were installed by the 
American Electric Power Company, as an overlay 
to an extensive network at 345 kilovolts. The 
East Central Region is perhaps the most highly 
interconnected area in the world. 


Relatively recent transmission additions have 
provided direct connections between utilities in 
Michigan and the transmission networks in In- 
diana and Ohio. These provide additional indi- 
rect connections between U.S. and Canadian 
networks. 

The East Central Regional Advisory Commit- 
tee’s studies indicate that substantial additions 
will be made to the regional transmission system 
by 1980—4800 circuit-miles at 345 kilovolts, 600 
circuit-miles at 500 kilovolts, and 2,100 circuit- 
miles at 765 kilovolts. In fact, 1100 circuit-miles 
at 765 kilovolts and 3300 circuit-miles at 345 
and 500 kilovolts were either authorized or 
under construction at the time the Committee’s 
report was released at the end of 1969. Also, by 
1980, many ties to adjacent electric systems out- 
side the East Central Region are expected to be 
added at 345 kilovolts, 500 kilovolts, and 765 
kilovolts. 


In the period 1981 to 1990 about 1800 cir- 
cuit-miles of 345 kilovolts, 300 circuit-miles of 
500 kilovolts and 1200 circuit-miles of 765 kilo- 
volts are expected to be placed in service, bring- 
ing the estimated total to nearly 17,000 circuit- 
miles of lines operating at 345 kilovolts and 
higher voltages. The East Central Regional 
Committee concludes that “By 1990, 765 kilo- 
volts will have become the major bulk power 
voltage class in the area, constituting close to 
4,000 circuit-miles of line. Transmission expan- 
sion at 345 kilovolts will continue both to serve 
local load centers and to provide, in certain 


‘areas, an underlying network to support the 765 


kilovolt overlay. In the eastern portion of the 
region, 500 kilovolts will continue to provide 
the major EHV transmission voltage.” The 
Committee also points out that while no voltage 
higher than 765 kilovolts is projected in its 
transmission expansion pattern, it is quite possi- 
ble that a voltage level in the 1,200 to 1,500 kilo- 
volt range may be initiated in the 1981-1990 
period. The Committee’s projections of possible 
patterns of future transmission development are 
depicted by maps at the back of its report which 
is reproduced in Part II of the National Power 
Survey. 

The Commission foresees the likelihood of 
even further expansion of 765 kilovolt connec- 
tions to adjoining areas by 1990 and expects 
that these will be represented by ties to the New 
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Figure 18.3—The Michigan Electric Power Pool Control 
Center has two computers which continuously monitor 
and direct 67 generating units in 13 power plants of 
the Detroit Edison Company and Consumers Power 
Company. 


York area and heavier ties to parts of the West 
Central Region. 

As mentioned above, the East Central Re- 
gional Advisory Committee suggests the adop- 
tion of a higher transmission voltage and the 
Commission also believes that there is a strong 
likelihood of introduction of a voltage higher 
than 765 kilovolts before 1990. One of the first 
installations might be a backbone line from 
north to south through the Region, linking with 
companion facilities to permit interregional 
power transfers with areas to the south and as 
far away as Florida and Texas. 

It is likely that HVdc may be advantageous 
for use in the areas of heaviest population con- 
centration where high capacity underground 
transmission is likely to become a necessity. Also 
HVdc may be an attractive application for sub- 
marine transmission connections in the Great 
Lakes area. 


Southeast Region 


Prior to the mid 1960’s, the electric consumers 
of the Southeast generally were served from fa- 
cilities supplied by a primary network of 161 
and 230 kilovolt circuits. At that time, TVA ini- 
tiated construction of 500 kilovolt transmission 
overlaying its 161 kilovolt network in order to 
provide large. transfer capacity for exchange of 
seasonal diversity with systems in the South 
Central Region. Its first 500 kilovolt line began 


operation on April 1, 1966. About the same 
time, the Virginia Electric and Power Company 
began construction of the Mt. Storm mine-mouth 
stream-electric plant in West Virginia and 500 
kilovolts circuits to transmit its output to north- 
ern Virginia and Richmond load centers. This 
500 kilovolt line was placed in operation on 
February 12, 1966. In the remainder of the Re- 
gion, 230 kilovolt and lower voltage transmis- 
sion had sufficed until recently. The advent of 
large central station nuclear-fueled and _fossil- 
fueled generation, the economy of EHV lines 
carrying large outputs considerable distances to 
load centers, and the need for strengthened as 
well as additional coordinating ties among elec- 
tric systems will require considerable expansion 
of the 500 kilovolt system if effective utilization 
of power resources is to be accomplished. 
Largely in the northern sections of the Region 
and in Florida more than 4,100 miles of 500 kilo- 
volt lines have been projected by 1980, to be 
increased throughout the region to about 9,000 
miles by 1990. In addition, further expansion of 
the underlying 230 kilovolt and lower voltage 
transmission lines and facilities will be required. 
The Southeast Regional Advisory Committee's 
report, included in Part II of the Survey, con- 
tains maps depicting possible patterns of trans- 
mission for 1980 and 1990. 

Interconnection of facilities and coordination 
of construction and operations among utilities 
are being advanced, and by 1980 full advantage 
will be taken of seasonal and other assured di- 
versities within the region. Of particular note 
are the present and projected high capacity in- 
terconnections between Southeast Region utili- 
ties and neighboring systems in the East Central 
Region and those in the PJM Pool of the 
Northeast Region. Most of the new ties are ex- 
pected to be at 500-to-500 kilovolts and at 500- 
to-765 kilovolts, all capable of very substantial 
transfers of capacity in the interests of reliabil- 
ity and economy. 

It is projected that the beginning of interre- 
gional connections at a voltage higher than 765 
kilovolts will have been started before 1990 and 
that the Southeast Region is likely to be in- 
volved in such connections. It appears appropri- 
ate to provide stronger transmission connections 
within the State of Florida and stronger ties be- 
tween the Florida peninsula and the rest of the 
nationwide network by installing new lines 
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north and south through the State and thence 
to trunk connections to the north and around 
the Gulf coast to Louisiana and Texas. 

It also seems appropriate to provide connec- 
tions of greater capability along the Atlantic 
coastal area in a configuration which provides 
for increased transmission capability from east 
central North Carolina to northeastern Florida. 


South Central Region 

The South Central Region presently has two 
major networks which are not interconnected 
with each other. One, the Southwest Power Pool 
and associated systems, has been in operation 
since the early days of World War II. The 
South Central Electric Companies, a group 
within this pool, exchanges 1,500 megawatts of 
seasonal diversity capacity with TVA, over a 500 
kilovolt and 345 kilovolt transmission grid. 
The other transmission network, known as the 
Texas Interconnected System, is an isolated co- 
ordinating organization located wholly within 
the state of Texas. Member systems are, for the 
most part, interconnected at 345 kilovolts in the 
north and 230 kilovolts in the south, with 
north-south ties at 345 kilovolts. Additional 
pooling and coordinating groups in the South 
Central Region include the Missouri-Kansas 
Pool, the Texas Municipal Pool, and the Mis- 
souri Integration Arrangement. Pooling and co- 
ordinating arrangements are more specifically 
described, and their memberships identified, in 


the South Central Regional Advisory Commit- | 


tee’s report published in Part III of the Na- 
tional Power Survey. 

As shown on maps included with its report, 
the South Central Regional Advisory Committee 
concluded that transmission and coordinating 
needs in the period to 1990 could be accom- 
plished largely by expansion of the 345 kilovolt 
and 500 kilovolt transmission systems. Com- 
mencement of a 765 kilovolt overlay in Okla- 
homa with extensions to Amarillo and Shreve- 
port by 1990 is projected. The Committee’s 
possible patterns of future expension include 
approximately 7930 circuit-miles of 345 kilovolt 
and 2410 circuit-miles of 500 kilovolt trans- 
mission lines by 1980. The total circuit miles by 
1990 are projected to be about 13,600 at 345 
kilovolts, 3480 at 500 kilovolts, and 670 at 765 
kilovolts. 


The major difference between the South Cen- 
tral Regional Advisory Committee’s projections 
of future transmission configurations and those 
in this report involves interconnection of the 
Texas Interconnected System group with the na- 
tionwide grid of other utility systems. ‘The Com- 
mission believes that the emergency interchange 
possibilities and the efficient use of generating 
capacity reserves warrant the interconnection of 
these networks. As mentioned earlier, the possi- 
bility of HVdc links to establish such connec- 
tions should be consideerd if there are convinc- 
ing arguments that ac connections would be 
detrimental to system stability and power supply 
reliability. 

The pattern of interconnection as shown on 
the future transmission map includes ties from 
Texas to relatively high capacity circuits to the 
east, north and west. The projections of this re- 
port suggest consideration of higher capacity 
connections that would permit greater flows be- 
tween the South Central Region and the TVA 
500 kilovolt system, the St. Louis and Kansas 
City areas, and the Four Corners area of the 
West Region which has existing and planned 
heavy connections to southern California. It is 
expected that such connections, at a voltage 
level of 765 kilovolts or higher, will be installed 
prior to 1990. 


West Central Region 


In late 1963 and early 1964 a group of West 
Central Region utilities known as Mid-Conti- 
nent Area Power Planners (MAPP) developed a 
coordinated plan for high voltage transmission 
linking major load centers in the ten-state upper 
midwest area. This consists of 345 kilovolt lines 
linking the Twin Cities (Minneapolis-St. Paul) 
with Milwaukee and Chicago; a 345 kilovolt 
line from the Twin Cities through Iowa to St. 
Louis; a 345 kilovolt line from St. Louis to 
Kansas City, St. Joseph, and Omaha; and a 345 
kilovolt line from Omaha to Sioux City and 
back to Minneapolis. In addition, connecting 
links at 345 kilovolts and 230 kilovolts are in- 
cluded in an overall integrated network, most of 
which are now operating. The remainder is ex- 
pected to be completed by 1972. 

In the period 1970 to 1980, significant expan- 
sion of the 345 kilovolt system is projected and 
the first installation of 500 kilovolt transmis- 
sion may be feasible, extending from the Twin 
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Cities area to the northwest to Manitoba and 
westward into the Missouri River Basin. It is 
also anticipated that 765 kilovolt electric cir- 
cuits from the East Central region will extend 
from the Chicago area, southwestward to St. 
Louis, and westward into Iowa. By 1990, the 
transmission system in the eastern part of the 
Region would have additional 765 kilovolt 
transmission and in the western part the exten- 
sive 230 kilovolt network will be overlain with 
500 kilovolts. 

In 1970, the West Central region had 2,970 
circuit-miles of 345 kilovolt lines and 5,800 cir- 
cuit-miles of 230 kilovolt lines. By 1980, the re- 
gion is expected to have 570 circuit-miles of 765 
kilovolt, 1,250 circuit-miles of 500 kilovolt, 
6,340 circuit-miles of 345 kilovolt, and 6,620 cir- 
cuit-miles of 20 kilovolt lines. By 1980, the re- 
gion would have an estimated 2,170 circuit-miles 
of 765 kilovolt, 2,440 circuit-miles of 500 kilo- 
volt, 10,600 circuit-miles of 345 kilovolt, and 
6,850 circuit-miles of 230 kilovolt lines. 

There is a significant amount of transmission 
coordination between the West Central Region 
and other Regions. Interregional coordination 
of transmission networks is accomplished 
through arrangements between systems of MAIN 
(Mid-America Interconnected Network) in the 
eastern part of West Central Region and ECAR 
(East Central Area Reliability Coordination 
Agreement) in the East Central Region, between 
systems in the southern part of the West Central 
Region and the South Central Region, and be- 
tween systems in the western part of the West 
Central Region and the West Region. 

International coordination was an important 
part of planning and construction of transmis- 
sion connections with the Manitoba Hydro sys- 
tem in Canada. The new 145 mile, 230 kilo- 
volt, circuit extending from Winnipeg, Manitoba 
to Grand Forks, North Dakota will permit co- 
ordination with the Manitoba Hydro Electric 
Board for power and energy transactions. 

The Nelson River in Manitoba has a poten- 
tial for development of five to six million kilo- 
watts of hydro capacity. The first phase of 
major development of the Nelson River entails 
construction of a twelve-unit hydro-electric sta- 
tion at Kettle Rapids near Gillam, Manitoba. 
The plant will have slightly more than 1,200 
megawatts of generating capacity. The first four 


units (406 MW total) are expected to be in serv- 
ice late in 1971. Power from the station is to 
be delivered to Winnipeg over two + 450 kilo- 
volt direct current transmission lines, each 
about 600 miles long. In its report, the West 
Central Regional Advisory Committee stated: 
“It appears that in the 1975-80 period a sub- 
stantial tie, possibly dc, between Winnipeg, the 
Iron Range and the Twin Cities may be feasible 
to utilize about 800 megawatts of capacity from 
the Nelson River.” 

Review of transmission capabilities and load 
center power requirements indicates the possibil- 
ity of need for somewhat greater transfer capa- 
bilities under assumed worst contingencies than 
those projected by the Regional Advisory Com- 
mittee for future years. It seems appropriate to 
consider heavier ties between the Minneapolis- 
Lake Michigan areas and the West Region. 
Also, sufficient transfer capability to permit 
power generated in the Wyoming-Montana coal 
district to flow into the Milwaukee and Chicago 
load areas may be economically feasible. 

Use of EHVdc to provide more stable connec- 
tions between the network west of the Rockies 
and the eastern interconnected network would 
directly involve parts of the West Central Re- 
gion and could foster the use of EHVdc as a 
transmission medium in this area prior to 1990. 


West Region 


As in the case of the other five Regions, the 
report of the West Regional Advisory Commit- 
tee for the West Region includes a detailed 
presentation of possible patterns of transmission 
networks for 1980 and 1990. 

Because of the early development of hydro- 
electric sites remote from load centers, the West 
Region was the first to use high voltages for 
transmission. It was also the first to utilize high 
voltage direct current transmission. As of 1970, 
the entire region is interconnected by transmis- 
sion lines of various voltages except for a small 
section in northwest Texas and the southwest 
corner of Oklahoma. A chief characteristic of 
the Region is the Western transmission loop, 
comprising 500 kilovolt ac circuits and an 800 
kilovolt dc circuit on the west side; 500 kilo- 
volt, 287 kilovolt and 230 kilovolt ac circuits 
in California and 500 kilovolt and 245 kilovolt 
ac circuits in Arizona on the south side; and 230 
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Figure 18.9—Control Center of Seattle City Light. 


kilovolt ac circuits on the eastern and northern 
sides. 

Similar to other areas farther east there are 
cross-border transmission connections between 
Canadian utilities and U.S. systems in the 
Northwest. Coordinated planning and operation 
is practiced to take advantage of the potentials 
afforded by the hydroelectric resources common 
to the area. 

The patterns of transmission in the North- 
west for 1980 and 1990 depict principal trans- 
mission voltages of 500 kilovolts, 345 kilovolts, 
and 230 kilovolts, with some 287 kilovolts. By 
1980, additional 500 kilovolt transmission lines 
would be added, a dc circuit with a voltage 


level of about +400 kilovolts would be con- 


structed from The Dalles in Oregon to near 
Hoover dam, and ac circuits with voltages 
above 500 kilovolts would be added in western 
Washington. By 1990, additional 500 kilovolt 
ac circuits as well as circuits with voltages above 
500 kilovolts would be constructed in the west- 
ern part and 345 kilovolt circuits in the eastern 
part. 

In the Southwest, additional 500 kilovolt cir- 
cuits are anticipated. 

In the Wyoming-Colorado area, additional 
230 kilovolt ac transmission lines are forecast to 
meet most of the expansion requirements to 
1980. By 1990, there would be additional trans- 
Mission circuits at 500 kilovolts, 345 kilovolts 
and 230 kilovolts. 

In the New Mexico—northwest Texas—south- 
west Oklahoma area, the eastern and western 


parts would be interconnected at 345 kilovolts 
by 1980. The projections of the West Regional 
Advisory Committee indicate a number of new 
circuits. but depict the transmission require- 
ments being met by additional 345 kilovolt ac 
transmission facilities through 1990. 


As of 1970, there were four major 230 kilo- 
volt transmission lines connecting the West and 
the West Central Regions. By 1980, one 345 kilo- 
volt and six 230 kilovolt transmission lines 
connecting to the West Central Region and 
three 345 kilovolt transmission lines connecting 
the West Region to the South Central Region 
are anticipated. The 1990 projection includes 
three 500 kilovolt, one 345 kilovolt, and six 
230 kilovolt transmission lines from the West 
Region to the West Central Region and, by con- 
version, two 500 kilovolt and one 765 kilovolt 
lines to the South Central Region. 


The need for more stable operation of the 
western loop is considered to justify heavier 
transmission connections than those projected 
by the West Regional Advisory Committee. The 
heavier connections should prevent the rela- 
tively frequent interruptions which have been 
experienced in some areas because of disturb- 
ances affecting the Pacific Northwest-Southwest 
ties. Also, stronger ties to the east are visualized 
as well as lines of adequate capacity connecting 
to the South Central and West Central Regions. 
As pointed out earlier in this chapter, HVdc 
might offer a practical solution to the problem 
of stable interconnection for reliable transfer of 
power at a reasonable cost. Consideration of 
HVdc to accomplish these objectives is recom- 
mended. 


Seasonal Diversity of Peak Demands 


Geographical orientation of electric utility sys- 
tems and the dominant weather patterns under 
which they operate are the primary causes of 
seasonal diversity. In some areas, that diversity 
may have economic significance in the future 
operation and planning of electric bulk power 
supply. Nearly all utility systems have higher 
peak demands in the summer and winter than 
in the spring and fall. The difference between 
the summer and winter peaks is termed sea-. 
sonal diversity. Systems which usually peak in 
the winter may have surplus capacity available 
during the summer months. Similarly, those 
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which usually peak in the summer may have 
idle capacity available during the winter. The 
significance of seasonal diversity lies in the 
availability of capacity over and above that re- 
quired for maintenance purposes, required re- 
serves, and serving loads. Seasonal diversity be- 
comes important when two systems within 
economical transmission distance have substan- 
tially different seasonal load characteristics. It is 
often possible under such circumstances for a 
winter peaking system to supply power during 
the summer months to assist in meeting the 
loads of a summer-peaking system. With such an 
exchange, surplus summer capacity on the win- 
ter-peaking system is operated to produce in- 
come, and on the summer-peaking system invest- 
ment in generating capacity is postponed. 
During the winter the exchange may be re- 
versed. The seasonal exchange of power thus 
benefits each system. If each system is to share 
equally in the benefits, the theoretical maxi- 
mum amount of the seasonal exchange is equal 
to one half of the seasonal diversity of the sys- 
tem having the smaller amount. 

‘The magnitude of seasonal diversity was esti- 
mated in 1968 by totaling the differences be- 
tween summer and winter loads of the utility 
systems in each Power Supply Area to obtain a 
PSA seasonal diversity and in turn totaling the 
PSA seasonal diversities to obtain a value for 
each of the regions. These estimates of seasonal 
diversities for 1970 and 1990 are shown by 
power supply areas on figure 18.10, and by re- 
gions in table 18.11. 

Analyses of actual 1970 loads and updated 
projections of 1980 loads by electric reliability 
councils, indicate a greater trend to summer 
peaks than was anticipated in 1968. On the 


basis of the updated projections both the North- 
east and East Central regions would experience 
annual peak demands in summer instead of win- 
ter. ‘Thus, the opportunities for utilizing sea- 
sonal diversities may be less than shown on 
figure 18.10 and table 18.11. Significantly, the 
usable portion of seasonal diversity is limited to 
that portion that remains after allowances have 
been made for scheduled maintenance. This 
means that in those regions where seasonal di- 
versity is expected to be a small percentage of 
regional peak load, little seasonal diversity, may 
be available to provide opportunity for ex- 
changes. 


Possible Patterns of Power Supply by 
Regions 

Energy resources available to individual re- 
gions will largely determine the composition of 
future generating capacity. The East Central 
and South Central Regions, having large re- 
serves of fossil fuels, will continue to rely princi- 
pally on fossil-fueled steam-electric plants. In 
the Northeast and West Central Regions, new 
installations of base load capacity will be pre- 
dominantly nuclear. By 1990, it is anticipated 
that nuclear capacity will comprise more than 
50 percent of total capacity in these two regions. 
New installations of nuclear capacity will also 
exceed other types of capacity in the Southeast 
and West Regions. The bulk of new conven- 
tional hydroelectric capacity will be installed in 
the West Region. New pumped storage hydro- 
electric installations will be distributed among 
all regions, with the largest capacity anticipated 
in the Northeast Region. 

Table 18.12 shows a possible pattern by re- 
gions of generating capacity by type of prime 


TABLE 18.11 


Estimated Differences Between August and December, Peak Loads by Regions, 1970, 1980, and 1990 


1970 1980 1990 
NPS Region Month of Month of Month of 
Megawatts Higher Megawatts Higher Megawatts Higher 

Peak Peak Peak 
INOFtheast.ni. eter a), clei sis aseneGoes 85 Dec 455 Dec. Ns ZAG Dec. 
Bast Centials < Samgeegt «occ suis oirisvsie 1410 Dec 2,420 Dec. 3,990 Dec. 
SOutheastipe as Mepgere siusious susie) ais ehel'e\s 1,256 Dec 1,110 Aug. 7,478 Aug. 
We est Central e.cfe saws ites aye «agers aes osu B20 Aug 10,090 Aug. 16,550 Aug. 
poutha@entral ew eyane se cc-tcke arte 12,265 Aug 27,955 Aug. 56, 100 Aug. 
WVESE aeneaete ise shale init aisle aca toler teilalblel an ve 2,855 Dec 5,300 Dec. 9,740 Dec. 


ESTIMATED DIFFERENCES BETWEEN AUGUST AND DECEMBER 
. PEAK LOADS 
Within Each Power Supply Area 


Legend 


630 Difference Between August and 
December Peak Loads in Megawatts 


GB Winter Peaking Area. 
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Figure 18.10 
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TABLE 18.12 
Generating Capacity by Type of Prime Mover; Peak Demand, and Reserve Capacity by Regions 


1970 1980 1990 
MW Percent MW Percent MW Percent 
Northeast 

COnVenLONAl NYCIO. cc nes cena 5,800 8.9 7,000 6.2 7,000 1505 
Bumipedistorape hy aroma. oc is 1,800 2.8 9,000 8.0 19,000 9.4 
Gran gasturpines:. oc) Sao. cate ees 6, 300 Qo4 9,000 8.0 13,000 6.5 
POSS ist@armintesiyy 0 at ts ova" ofelatiie'e wien/ad 47, 500 7302 47,000 41.5 47,000 Zane 
INUCIeAt a sepgesyaca sy Aeysiecs « eonsun ise aes Sues 3,500 5.4 41,000 36.3 115,000 wy fer 

photalkecapacitys s-cynce eo «cress 64, 900 100.0 113,000 100.0 201, 000 100.0 
Pealesmand cmmee si. visto dene bens BVI CUO ecto e creeeerenem ¢ 93), OOO Rayet sere tarcete: 3 165, OOO Cscis =. Reuse a 
IGS Re CAEN So cocudagna coo Sue U2 O00 Mama baer oie ZO SOOO ater nhi co Sars arci 36; OOO Ra. oat ack 
Reserves in percent of peak.......... DB Ese aiecre wet vtsi8 Dts ouvert 2 DD Srorlshate! asic e 

East Central 

@onventional hydrog. 25.05.02. 08) 32 -. 1,000 1.8 2,000 159 3,000 1.6 
numpedistoragesiy Grom ree eer ae 100 0.2 4,000 BQ) 14,000 v6 
l@fands gas Curpinessen er ee: 2,400 4.4 7,000 6.8 12,000 6.5 
Bossilisteani ie cre tte <2 ae, eyes ounce 51,200 93.1 77,000 74.8 115,000 61.7 
IN ICIE AT aca cctstire ort ncttharietiernaiorsrereter eee es 300 0.5 13,000 12.6 42,000 22.6 

LOLA CAPACHY < ¢o cacy were cca co Sw lg 55,000 100.0 103, 000 100.0 186, 000 100.0 
Oak COCOA le wie re aes somo as ws AA OOO vate ce tne e 5 ¢ 82000) arlene tanel 148% OOO ieee cae tye re 
INCSCHN CACAPACIEY; Aas = leno royasosie cate = LV OOO es a.< te sano tetteter Zi SOOO Merl tenatenenes. 38000" Scceise bieders 
INGSerVesumEpercen tol peak lentasticr 2D means d caec. sues ep = VL ptr Rata Scie 267 epi ses 

Southeast 

Conventional hydroinc. ois: 54ssfe.2 sie 3 9,300 14.6 11,000 8.3 13,000 al 
iBumpedsstorageuhyarom./1)4 leit) 100 0.2 4,000 3.0 13,000 aL 
LCrand gas turbines aii... 55 0.00 age. «0s 2,700 A? 6,000 4-5 14,000 5.5 
Bossilisteams screy tay os. + 9 sus Gieh fetes 51,600 81.0 77,000 58.3 121,000 47.4 
INUICIER Wren dette. ss. e eueuenaitanveus 0 0.0 34, 000 25.8 94,000 36.9 

PLOtal CADACKY jocnnis ts v0 whem ereaa 63, 700 100.0 132,000 100.0 255,000 100.0 
Peakidemand sees s:taccnre ane e ie 5259007 ose er aes 10 OO0G Sere cn ae se DV OOO Rrecras cr otetretre 
Reserve capacityfn smemiemiacrleicre sae LO; GOO arorrcustekeverorenssh: 22) OOO etticueteiey nce 44: OOO sratrensteteucesgereteis 
Reserves in percent of peak.......... 20 OAs sis warecs anes 20 Wectid tatpene er Dy. mesg pe eis aks, Geus 
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Conventional hydro....... 
Pumped storage hydro..... 
IC and gas turbines....... 
Fossil’steamirnyetyet-/st-te ss or 
Nuclear. artnet as of: 


Total capacity...... 


Peakidemand ager 
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Reserves in percent of peak 


Conventional hydro....... 
Pumped storage hydro..... 
IC and gas turbines....... 
Possilisteamis re se ares aie 
INucléar és isco hed rats 


Total capacity........ 
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Reserve capacity sere 
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TABLE 18.12—Continued 


1990 


MW 


3,000 
4,000 
14,000 
54,000 
77,000 


1970 1980 
MW Percent MW Percent 
West Central 
3,500 8.2 3,000 357 
400 0.9 2,000 2.4 
4,200 9.9 8,000 9.8 
33,000 idan 50,000 60.9 
1,500 3,5 19,000 DESH. 
42,600 100.0 82,000 100.0 
3 De LOO sconsuans omctarerrchors 690007 ae... = pereeer 
5900) veisiee os 3 om 13; 000) eae ose 
19 Deere eee Oo hee eee 
South Central 
2,300 4.7 3,000 2.8 
100 On2 3,000 2.8 
2,100 4.3 7,000 6.6 
44,400 90.8 85,000 80.2 
0 0.0 8,000 7.6 
48,900 100.0 106,000 100.0 
AQ [G00 erecta cnet SL O0O Reise mis ar 
8300 cee cere rate 15 O00 Us oe seo ree Wier 
20 hts Wee lO See oe 
West 

29, 700 45.8 42,000 By! oS 
1,100 esd 5,000 3.9 
1,500 D3) 3,000 Be 3} 
31,400 48 .4 54,000 41.9 
1,200 1.8 25,000 19.4 
64,900 100.0 129,000 100.0 
ONG (0 sacreaseneeaeaexencuct 110 SO00M S.-i 
155300 \. wes cece 19000) .Syaraet fie 
SH Aen bee l7 eae ee eee 
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152,000 
128,000 
24,000 
19 


4,000 

8,000 
14,000 
139,000 
46 ,000 


211,000 
182,000 
29,000 
16 


52,000 
12,000 
8,000 
82,000 
101,000 


255,000 


Percent 


ee 
© \e oo 8 <0) '8 » eel are 


@ 90. 6.0 oe. sce ems 


eo 0-0 6s es m0 wan 
o 2 6 2 010 00 6 6 


© 6: 0) erm aati ©) 0: al os 


mover for the years 1970, 1980, and 1990. Also 
shown are the estimated annual peak loads and 
the reserve requirements. 

The regional needs for new generating capac- 
ity for the 10-year periods 1971-1980 and 
1981-1990 are shown by type of prime mover in 
table 18.13. The needs shown for fossil steam in- 
clude capacity which will be required to replace 
existing generating units which are assumed to 
be retired after 35 years of service. 

The numbers and sizes of fossil-fueled and 
nuclear steam-electric units projected by regions 
for 1980 and 1990 are shown in table 18.14. The 
regional amounts are a breakdown of the corre- 
sponding national totals shown in tables 18.5 
and 18.6. 


Actual generation by regions in 1970, and the 
estimated generation in 1980 and 1990, by type 
of generating capacity are shown in table 18.15. 
Pronounced changes in the patterns of genera- 
tion are expected to occur in all regions. Be- 
cause of the increasing reliance on new nuclear 
plants, over the next two decades fossil-fueled 
steam-electric plants will supply a decreasing 
proportion of total generation in each of the six 
regions. In absolute quantities, however, fossil- 
fueled generation will increase in all regions ex- 
cept the Northeast. By 1990, nuclear plants are 
expected to be the source of more than 60 per- 
cent of total generation in two regions, North- 
east and West Central. 


TABLE 18.13 


New Capacity Needs by Regions and Type of Prime Mover 


Northeast East Southeast West South West U.S. 
Type of Prime MW Central MW Central Central MW Total 
Mover MWw MW MW MW 
1971-1980 
Cony. DYGrOWs: . 5.08.5 55 1,000 1,000 2,000 0 0 12,000 16,000 
Pee HY GLO seks 3 6 5% 7,000 4,000 4,000 1,000 3,000 4,000 23,000 
UGrand: Gil Wee an oe 3,000 5,000 3,000 4,000 5,000 1,000 21,000 
iosstlusteain ene tees 8, 000 33,000 27,000 20,000 43,000 25,000 156,000 
INGIC lear sec eeeheicle a his's 37,000 13,000 34,000 18,000 8,000 24,000 134,000 
Total eee. ee 56 , 000 56 , 000 70,000 43,000 59,000 66,000 350, 000 
1981-1990 
CORY DV OL aa ot Pots 0 1,000 2,000 0 1,000 10,000 14,000 
PV OEO 20s nies a's 10,000 10,000 9,000 2,000 5,000 7,000 43,000 
Carr Glee eye sa peaks ec 4,000 5,000 8,000 6,000 7,000 5,000 35,000 
Fossil steam)... 5.0045 0 11,000 51,000 57,000 13,000 62,000 35,000 229 , 000 
Nuclearnceae s . a onkotne & 74,000 29, 000 60, 000 58,000 38,000 76 , 000 335,000 
BL Otal mewn: sees: 99,000 96 , 000 136, 000 79 , 000 113,000 133,000 656 , 000 
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TABLE 18.14 


Steam-Electric Capacity by Unit Sizes, 1980 and 1990 


Unit Size 
MW 


60Gkand“less'¥ 55. eee eee 
60lFtopl-200R er gen eee 
1201 tons 800 eee ee 


L801 Ho 2400-0 ee ee 
TAN WERS DOGS Dateien Seip iet BRA RT eet Oo eae NE, oe ee, ae 


600%and. Tess Ase ee ee ee 
60 L tos]: 200 Sa pate 
P2001 font 800K a. bee oe ate 


LS BO ESCO» 2 A OO ous tents sh snowchod saved caer sea encvenc tte venoaotey ot pep eneite 
2 AO USO 3 OOO Sasi aye = oo ose osshemctcnet> sis ave h shofenapen t's wane sift eich okabepatetels) escsiche hemegede er tees ey nee ge eee 


GOOland less's. eee seis) oak 
GOlstoy Le 2OO Mansa s aro cate 
1-201 to: 12800 Meets oe oer 


LS SO1Bt0 2 400 Faire cache c croe lee ci ete one cpet ore et 
ZAOE OG S000 Sia ls 3. gs nachna Ae tnehe «aerate ts eR oes, eee eer 


Fossil Steam 


Units 


1980 1990 
Capacity No. of Capacity No. of 
MW Units MW 
Northeast 
38 , 000 300 27,700 
6, 200 7 7,800 
2,800 2 7,500 
4,000 
47,000 309 47,000 
East Central 
46 ,000 374 37, 100 
27,000 32 43,900 
4,000 3 21,000 
13,000 
77,000 409 115,000 
Southeast 
50, 900 323 44,900 
23, 300 Ril 47,100 
2,800 2 21,000 
8,000 
77,000 352 121,000 
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Nuclear 
1980 1990 
Capacity No. of Capacity No. of 

MW Units MW Units 

2,600 a 2,600 

26 , 400 28 34, 300 

12,000 8 43,100 

ae Rees eee 27,100 

7,900 

41,000 43° 115,000 

300 3 300 

10,000 12 24,000 

2,700 2 11,200 

MR ee OOo ous 4,000 

2,500 

13,000 17 42,000 

500 1 2,200 

24,500 26 41,000 

9,000 6 32, 800 

HEPA 6, Oi MCCS 12,400 

5,600 

34,000 33 94,000 


TABLE 18.14—Continued 


Fossil Steam Nuclear 
Unit Size 1980 1990 1980 1990 
MW a 
Capacity No. of | Capacity No. of | Capacity No.of Capacity No. of 
MW Units MW Units MW Units MW Units 
West Central 

OOO¢andlessine.casisacs 4 sleioe sce 39,900 460 36, 700 209 8,300 18 9,500 20 
GONECORIEZOO Sr corse escheat 8, 700 10 7, 300 10 7,700 9 39, 100 41 
pe 2Odeton le SOO Aeine cheese een « 1,400 1 6,000 4 3,000 2 15,000 10 
PPSO TOSSA 00 Serre tc ree cs Gene 4,000 Dat ae ors 8,200 4 
So ZNON (yoy SACOG 08. ne bate RATE PA CONIA RY Dee Ry Okan ot. bol ea § es A RO gia eee 5, 200 2 

ST Otal eere.re she. fetes a alice aes 50, 000 47) 54,000 225 19,000 29 77,000 TE 

South Central 

600rand lessiss8 osu cso da 62,600 480 72,000 SDT AR cen ner 600 1 
GOIEtOel AZ OO Mera cate dono . 21,100 26 38,000 51 6, 700 7 26 , 400 29 
OXON rey VEO ORS 5 isk Stee 1,300 1 21,000 14 1,300 1 15,000 10 
MOO MELO 2° 4 OO ret rect eee seta eee ee 8,000 7 A ie te ete | ER eR 4,000 2 
PALO ey BCT Me ea 5 cls Bs aN Stone aai ORS Open eRe OHO EOI ORRIN tla oeet b caute: SENSIS ice EON oF Snr PIT SrA ara tS Me Seopa dearer 

FLotalmeere etheac ete: fee 85, 000 507 139,000 381 8,000 8 46 , 000 42 

West 

GOOTandblessewe ety tense 35,600 321 43,600 221 1,500 5 2,700 7 
GOMOA2 00 Sak “he ee 6 15,700 18 18,900 22 17,500 19 48 , 200 49 
LOL FLOW OOO ess en eaic-or 2,700 2 13,500 9 6,000 4 32,000 2] 
MESO IStOR2- 400 eee ee oir ces eRe Ce yer des Snes Sam 6,000 i i NS a 6 er 10,300 
RAO MtORS* OOO PROP Is Rec ais he Pe eo Me eter CMR RTE Ta Bee rs onstnaTe rte er iel ios aera eee eee Sie ae Ses 7,800 3 

‘Lotalttea tie scene eee 54,000 341 82,000 255 25,000 28 101,000 85 
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TABLE 18.15 


Estimated Generation by Regions and Type of Capacity, 1970, 1980, and 1990! 


Mossilesteant o-tesies.ciieses 
Nuclear.) s serosa 


Hossilisteanta. 5 aces 
Nuclear oe gas stoi 


1970—Actual 1980—Estimated 1990—Estimated | 
Generation Generation Generation 
Capacity Capacity Capacity 
MW 105 % of MW 106 % of MW 106 % of 
Mwh si Total Mwh Total MWh Total 
Northeast 
5, 800 35 Lind 7,000 34 6/25 7,000 oo 3 
1,800 3 1.0 9,000 8 1.5 19,000 17 1 
6, 300 6 2 0 9,000 6 Le 13.000 9 1 
47 , 500 238 80.7 47 ,000 228 43.2 47,000 190 20. 
3,500 1133 4.4 41,000 PASS 47.6 115,000 691 73. 
64, 900 295 100.0 113,000 527 100.0 201,000 942 100. 
East Central 
1,000 4 1.5 2,000 4 0.8 3,000 6 0 
LOOM: a ieee rere enc 4,000 4 0.8 14,000 12 1 
2,400 2 0.8 7,000 5 1.0 12,000 8 0. 
51,200 254 - 97.7 77,000 398 ~—-80..8 115,000 604 67 
10 Oe Ges Wearataadye fos arenas 13,000 82 16.6 42,000 265 29 
55,000 260 100.0 103,000 493 100.0 186 , 000 895 100 
Southeast 

9,300 30 9.8 11,000 37 5.8 13,000 38 3 
100 1 ORS 4,000 4 0.6 13,000 it Oo 
2,700 4 Leo 6,000 4 0.6 14,000 9 0 
51,600 270 88 .6 77,000 383 5987 121,000 573 47 
0 0 0.0 34,000 214 BS 94,000 590 48 

63, 700 305 100.0 132,000 642 100.0 255,000 Jy 100 

West Central 

3,500 15 8.3 3,000 14 3.8 3,000 14 2 
AOO Seven Atk 0.0 2,000 2) OF5 4,000 a Oe 
4,200 5 256 8,000 5 legs 14,000 9 1 
33,000 158 (Bi) 50, 000 235 63.0 54,000 220 31 
1,500 3 1.6 19,000 117-031 -4 77,000 457 64 
42,600 181 100.0 82,000 373 100.0 152,000 704 100 
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1 Excludes in-plant uses but includes pumping energy for pumped storage projects. 
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TABLE 18.15—Continued 


1970—Actual 1980—Estimated 
Generation Generation 
Capacity Capacity 

MW 105 % of MW 106 % of 

Mwh Total Mwh Total 

South Central 
2, 300 5 2.6 3,000 8 1.8 
TOO Ascari en ae hee 3,000 3 Oe 
2,100 3 eS 7,000 5 sts i 
44,400 188 95.9 85,000 382 SoZ 
0 0 0.0 8,000 50 11.2 
48 , 900 196 ~=100.0 106,000 448 100.0 
A A00 West i" Qn 
29, 700) 164 54.0 42,000 S 195 31.0 
Ie 100 fan ae 0.0 5,000. 4 0.6 
1,500 1 0.3 3,000 2 0.3 
31,400 133 43.7 54,000 269 42.7 
1,200 6 2.0 25,000 160 25.4 
64,900 304 100.0 129,000 630 100.0 
Contiguous United States 

51,600 253 16.4 68,000 292 9.4 
3,600 4 0.3 27,000 25 0.8 
19, 200 21 1.4 40,000 27 0.9 
259,100 1,241 80.5 390,000 1,895 60.9 
6, 500 22 1.4 140,000 874 28.0 
340,000 1,541 100.0 665,000 3,113 100.0 
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1990—Estimated 
Generation 
Capacity 
MW 106 % of 
MwWh si Total 
4,000 9 1.0 
8,000 7 0.8 
14,000 9 125 
139,000 596 65.7 
46 ,000 290 31.8 
211,000 911 100.0 
52,000) | 217 17.4\ 
T2000 f= Tt 0.9. 
8,000 5 0.4 
82,000 396 31.7 
101,000 620 49.6 
255,000 1,249 100.0 
\9 i 
82,000) ./ 319 5.4 
70,0007" 62 1.0 
75,000 49 0.8 
558,000 2,579 43.5 
475,000 2,913 49.3 
1,260,000 5,922 100.0 
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CHAPTER 19 


OUTLOOK FOR ELECTRIC POWER COSTS 


Introduction 


Few sectors of American industry can match 
the electric power industry’s achievements in 
providing service to its consumers at declining 
unit costs. During the 42 years from 1926 to 
1968, the average price paid by consumers for a 
kilowatt-hour for electricity was reduced from 
2.7 to 1.5 cents, while the Consumer Price Index 
rose from 51 to 100 (1968 = 100) .1 Adjusted 
for the decline in the purchasing power of the 
dollar, as measured by the Consumer Price 
Index, the average price of a kilowatt-hour in 
1968 was only 28 percent of its price in 1926. 

The numerous factors bearing, directly or in- 
directly, on the past and future cost of furnish- 
ing electric service have been discussed in earlier 
chapters. ‘This chapter reflects the combined ef- 
fect of these factors in appraising the outlook 
for the cost of electricity to the year 1990. The 
projection should be interpreted not as a precise 
forecast but rather an estimate based on various 
assumptions regarding future developments. 
Many developments affecting these assumptions 
are not within the industry’s control. None can 
be predicted with complete confidence. 

In the 1964 National Power Survey it was esti- 
mated that the average cost of power to the con- 
sumer, on the basis of 1962 equivalent dollars, 
could decline from 1.68 cents per kilowatt-hour 
in 1962 to 1.23 cents in 1980. Interpolating, the 
projected target cost in 1968 would be approxi- 
mately 1.53 cents in terms of 1962 dollars. As 
shown in table 19.1, the actual cost in 1968 was 
1.54 cents per kilowatt-hour. If this figure is ad- 
justed to reflect the change in the Consumer 
Price Index, it corresponds to approximately 
1.34 cents per kilowatt-hour in terms of 1962 
dollars. Between 1968 and 1971 the Consumer 
Price Index increased by more than 17 percent 


1See figure 19.1. 


which was greater than the increase in the aver- 
age cost of power during that period. Thus, as 
of mid-1971, the cost of power is within the cost 
reduction goals of the 1964 Survey. 

If the future power facilities were to be built 
and operated under the conditions prevailing in 
1962-64, it is reasonable to expect that improve- 
ments in technology would permit the down- 
ward trend to continue, at least to the projected 
cost level in 1980. 


In recent years, however, the environmental 
problems besetting the nation have become 
more serious and the cost of protecting the en- 
vironment is becoming recognized as an essen- 
tial part of the cost of any product of any pro- 
cess that uses or infringes upon land, water, and 
air resources. The electric power industry is a 
major user of resources, and must take a leading 
role in environmental protection. The record of 
the last few years indicates that the industry is 
accepting this responsibility. 

The cost estimates in this chapter are based 
on the assumption that both the power industry 
and the suppliers of its equipment, fuel, and 
other material will do whatever is necessary to 
provide needed power in keeping with attaina- 
ble environmental protection objectives. Conse- 
quently, it is estimated that the recent reversal 
in the historical downward trend in the real 
cost of electrical service will be carried into the 
future, and that in spite of technological im- 
provements, better coordination, and economies 
of scale, power costs to the consumer will grad- 
ually increase. This anticipated increase is at- 
tributable generally to two factors: (1) the ex- 
pected increase in fixed charge rates from an 
industry wide average of 11.2 percent in 1968 to 
about 13.7 percent in 1990; and (2) the addi- 
tional capital and operating costs involved .in 
needed environmental protection features. By 
1990 a significant portion of the cost of power 
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TABLE 19.1 


Component Costs of Power Supply 


[Per Kilowatt-Hour—1968 Equivalent Dollars] 


Function Actual 1968 Percent of Total 1990 Projected Percent of Total Increase 
(cents/k Wh) (cents/kWh) (cents/kWh) 
Production? s. «+ <.o.ccits. we ean 0.77 50 1.09 60 Ona2 
FCransmission'y ect tate crtec ie 0.20 13 0.30 16 0.10 
Distribution sae ee ee 0.57 Sy/ 0.44 24 —0.13 
SL Otal vege ontensaces ect ecretas 1.54 100 1.83 100 0.29 


to the consumer will be attributable to protec- 
tion of the environment. 

The distribution of the estimated 1990 costs 
among power supply functions, as compared to 
the 1968 cost distribution, is shown in table 
1 

Table 19.2 shows the electric power cost that 
existed in 1968 and that is expected for 1990 in 
terms of the 1968 purchasing power of the dol- 
lar and at several illustrative rates of inflation. 

The Commission is not attempting to esti- 
mate the rate of inflation that will prevail dur- 
ing the next 20 years. The figures in table 19.2 
and in the text are intended merely to illustrate 
the extent that, as inflation decreases the value 
of the dollar, the cost of electricity to the con- 
sumer in current dollars becomes higher. 

Since 1962—the base year used in the pre- 
vious National Power Survey—the Consumer 
Price Index has increased at an annual com- 
pound rate of about three percent. Compound- 
ing the 1.83¢ per kilowatt-hour for 22 years at 
that rate would increase the average cost of elec- 
tricity to the consumer in 1990 (in current dol- 
lars) to about 3.51¢ per kilowatt-hour. This is 


TABLE 19.2 


Cost of Electricity to Ultimate Consumers 1968 
and Projected 1990 


Cents per 1990 Projected 
kWh at Various 
Inflation Rates 


U. S.1 Average—1968 1.54 
1990) Sal e8s 1968 Equivalent Dollars 
1990 "52528 1% 
LN) Seo 3% 
sateen Shs 5% 


' Excluding Alaska and Hawaii 


more than twice the average cost of electricity 
in 1968. If the 1.83¢ per killowatt-hour price 
were adjusted to reflect 22 years of compound- 
ing annually at 4 percent—the approximate rate 
at which steam electric plant construction costs 
have increased since 1968—the 1990 cost esti- 
mate would be about 4.34¢ per kilowatt-hour. 


Past Price and Rate Trends 


Figure 19.1 depicts the actual unit prices that 
all ultimate consumers paid for electricity each 
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Figure 19.1 
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year during the 1926-69 period. The unit prices 
represent total electric revenues divided by total 
kilowatt-hours sold to consumers. Between 1926 
and 1933 the price increased, and then began a 
sharp downward trend that continued into the 
early 1940’s. Notwithstanding the ensuing war- 
time and postwar price inflation, the average 
price held relatively constant through the 1940's, 
because the inflationary effects were more than 
offset by improvements in power technology, 
economies arising from consolidating and inter- 
connecting systems, and economies of scale ac- 
companying the rapid growth of customer loads. 
The 1950’s and 1960's were characterized by fur- 
ther inflation, and by exceedingly rapid expan- 
sion of the industry’s capacity. Even so, a grad- 
ual decline in cost to the consumer continued 
through the 1960's. 

Under the block system of rates historically 
employed in the United States, the average price 
of electricity per kilowatt-hour automatically 
goes down with increased usage because a 
greater proportion of the use is in the lower- 
price rate blocks. Thus, the average cost to the 
consumer per kilowatt-hour declined during the 
1950’s and 1960’s because of increased consump- 
tion, partly offset by occasional rate increases, 
but aided at times (particularly in the early 
1960’s) by rate reductions. 

Average costs to the customer turned upward 
beginning in 1969. 

The electric utility industry is more slowly re- 
sponsive than most industries to general infla- 
tionary pressures. At any given time, increased 
costs of recently installed plant and equipment 
are heavily diluted by investments in older 
plant and equipment which are generally car- 
ried in the rate base at their original cost (less 
depreciation) . Nevertheless, inflation has had a 
significant effect on the price of electricity over 
the long run. To illustrate, the past trend of av- 
erage unit prices of electricity in both “actual” 
and “constant” dollars is shown in figure 19.1. 
The adjusted price curve provides a rough 
measure of the change in the cost of electricity 
as compared with the cost of other commodities 
over a broad sweep of years, and dramatically 
demonstrates the extent to which inflation has 
slowed the downward trend of power costs. 

The cost of producing electric power and de- 
livering it to consumers consists of three princi- 
pal components: fixed charges on the investment 


in facilities; fuel expenses, when applicable; and 
operation and maintenance expenses, excluding 
fuel but including allocated administrative and 
general expenses. 


Investment in Power Facilities—1990 


The cost of building power facilities of a 
given size and type has been rising rapidly over 
the past few years because of increased land, 
labor, and materials cost, and because of addi- 
tions or modifications for environmental rea- 
sons. This upward trend is expected to conti- 
nue, although it is hoped that it can be slowed 
substantially by the Government’s program to 
curb inflation. Partially offsetting these facility 
cost rises will be the cost savings involved in the 
anticipated continued trend to larger generating 
units and higher transmission voltages, continu- 
ing improvements in technology and manage- 
ment, and lower unit costs of distribution facili- 
ties due to increased use per customer. In the 
figures that follow, however, the effects of any 
changes in costs after 1968 which may result 
from a generally higher level of wage rates and 
materials prices have been excluded and only 
those due to factors not related to general infla- 
tion, such as additional investment for environ- 
mental protection and changes in unit sizes, and 
other technological improvements have been in- 
cluded. 


Generation 


The estimated average unit investment costs 
during 1969 to 1990 for power plants of various 
sizes and types are shown in table 19.3. The 
costs for nuclear plants in table 19.3 represent 
estimates for light water reactors. Breeder reac- 
tors will undoubtedly comprise part of the nu- 
clear capacity in 1990, but for purposes of this 
report it is assumed that their installation would 
not cause any substantial change in the estimated 
overall power costs through 1990. The figures in 
the table are averages for all types and all loca- 
tions of plants. Costs of individual installations 
may vary significantly from the averages shown. 


Transmission 


Construction costs of overhead transmission 
lines are estimated to range generally from 
$55,000 per circuit mile for 69 kilovolt to 
$190,000 for 765 kilovolt. Substation costs are es- 
timated at 40 percent of the total transmission 
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TABLE 19.3 


Estimated Average Investment Cost Per Kilowatt for New Generating Capacity During the Period 
1969 to 1990 


{1968 Price Levels] 


Unit Size Groups 


NE EC SE wc SC Ww 


Fossil Fuel Steam Plants 1 $/kW 


TOOUM W*&c¥less et carte: SEPOROSs eRe. oe ets 
101=3800cM Wis ess ek: «SRR ae eticie <a aes oe 
B01 BOOT MLW chee a Pek TSR fe a i ne A aan oo 


ares 210 210 205 210 185 200 
assrake oS 200 185 195 170 180 
mars 3 175 185 170 185 160 175 
aude 165 175 165 ho 145 165 
Deeps 160 170 160 170 135 160 


Nuclear Plants ? $/kW 


300-600 MWS Art RT Ee ee) Cee 
GOT=1,200 MWh het sR ot, Sok. Pret ate 
1201218003 Wig lioakstccaes: beth ys gal ethane een 
1 80152300 MW eure atthe ees casts io Se ie Sere ek aa 


Gas Turbine and Diesel Plants 
All gas turbine installations $85/kW 
All diesel installations $125/kW 


Conventional Hydroelectric Plants 
All new conventional hydroelectric plants $350/kW 
All additions to existing hydroelectric plants $150/kW 


Pumped Storage Plants 
All pumped storage developments $110/kW 


ss) alte 250 240 239 240 235 240 
cee 240 230 225 230 223 230 
sates 235 225 220 225 220 225 
feces 230 220 PANS 220 25 220 


1 Fossil fuel investment costs are based on the composite (coal, oil, and gas fired) estimates for each region. The com- 
posite costs include ‘“‘intermediate peaking”’ (cycling) units in the 100 to 900 MW size range. 

? Nuclear installations (1969 to 1990) are assumed to be light water reactors (BWR & PWR; see preceding discussion 
in text regarding breeders). All estimated unit costs are exclusive of nuclear fuel inventory; however, environmental protection 


costs have been included. 


investment. Projected costs allow for the equiva- 
lent of slightly more than 114 percent of all 
transmission in 1990 being placed underground 
at a composite average cost of about ten times 
the cost of overhead installations. This allow- 
ance adds about 15 percent to the total costs of 
an “‘all overhead” 1990 transmission system. It is 
recognized that the actual expenditures for fu- 
ture undergrounding must be weighed against 
the relative reliability and effectiveness and the 
costs of alternative means of power transmission 
and will be contingent upon the priorities which 
may be established over the next two decades. 


Distribution 


The recorded cost of distribution facilities in 
operation in 1968 was $517 per customer. The 
estimated cost of these facilities at 1968 price 


levels amounts to $718 per customer. Increased 
Capacity requirements per customer, more un- 
dergrounding, and other factors are expected to 
increase the per customer cost to $1,200 by 1990, 
again at 1968 price levels. 


Nuclear Fuels Inventory 


‘The basis of determining nuclear fuel costs is 
different from that for fossil fuels, in that a nu- 
clear plant requires an initial investment of 
about $30 per kilowatt (at 1968 price levels) for 
a fuel supply that will be used over a long pe- 
riod of time and not be entirely consumed dur- 
ing its cycle through the generating plant. As a 
result, nuclear fuels inventory is considered a 
capital cost and its financial carrying charges are 
reflected in the annual fixed charges. Amor- 
tization of the investment cost as the fuel is con- 
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sumed, however, is treated as a fuel expense, as 
explained later. 


General Plant 


General plant, which includes such things as 
transportation equipment, office space, ware- 
houses, laboratories and research installations, 
and other permanent facilities associated with 
more than one function, is also a capital cost. 
The investment in general plant is estimated at 
about 3.5 percent of the investment in genera- 
tion, transmission and distribution. The fixed 
charges for general plant items are calculated 
separately, and then allocated to those three 
functions. 


Total Investment 


Table 19.4 summarizes, by regions, the actual 
1968 and projected 1990 total investment in 
power facilities. 


Annual Fixed Charges 


Annual fixed charges, one of the components 
of annual power costs, include the cost of 


money, depreciation, interim replacements, in- 
surance, and taxes. ‘These elements can all be re- 
lated to total (gross) investment in utility plant 
in service (including generating, transmission, 
and distribution facilities) and expressed on a 
levelized basis as a percentage of the total in- 
vestment. The percentage relationships vary 
with ownership segments—privately owned, Fed- 
eral, municipal, and cooperatives. 

Annual fixed charge rates also vary by types 
of equipment, primarily because of differences 
in service lives but also because of some differ- 
ences in tax rates and other items. It is, there- 
fore, necessary to calculate a fixed charge rate 
for each major type of equipment, as well as for 
each type of owner. 

Table 19.5 is an explanation of the derivation 
of fixed charge rates shown in table 19.6, using 
as an example conventional fossil-fueled steam- 
electric generating equipment with a 30-year life 
and financed by a hypothetical entity represent- 
ing the overall mix of Federal, municipal, coop- 
erative and investor ownerships. The fixed 


TABLE 19.4 


Total Investment in Electric Plant—Actual 1968 and Projected 1990 


[Billions of Dollars] 


Production Transmission Distribution General Nuclear Total 
Region Plant Facilities Facilities Plant Fuels Electric 
Inventory Plant 
1968 (Actual) 
INortheas teeter itn. une cent eons. aieanes $ 8.3 $343 $ 8.8 bs ONG trere ee rte $ 21.0 
Baste@entral eeewrse erect rere oe hers raucte Sno D2 5) Die2 ORGS eee ee 14.1 
DOUtheAStMer tea ees a haere eee cota 6.7 27 5.6 OA area renee o. 15.4 
Wiestr@entralenne tects ccc ckeneh aka iT D2 i BG) ORD Ge teontay oe 13.4 
SouthyGentral jes... oo. soe ee ee. Bea 4.0 1.9 4.7 OE So) Faas cna a eae ibe wt 
NANOS a ee re Ia ee es 9.0 Bt) 6.6 Ol 7a PAO) 5 1 
(WES te otal@ee. seer e oe oe eta re etree 39.5 6.4 35.9 3.3 (1) 95.1 
iRercentioim) otal sepriciae cicero ee 41.6 Hine SW) SS Hea ues Bel ins be sch a 100.0 
1990 (at 1968 price levels) 
INOrtheastereim eon Oe on. $ 40.3 $ 19.2 5 DEB}. I iS Bell $3.5 $ 94.2 
Hasta@entral sce ovata eee ce wiemieietee ss B2R0) ie) 15.9 2 9 1583 Gor 
Southeastern. 4. aa ee ences 45.6 GY Weak DT 2.8 83.4 
WesteGentral cere teh nacre tecustate ert 29.9 13.4 18.0 P23) 2.3 65.7 
SouthnGentralae serie cei ssaepror eek: Som LYS 19.6 Des 1.4 68.3 
Westra ane cei etch 49.6 D5 57 257) BS 3.0 LOTS 
WES WROtal tants oe cea tne 230.5 99.3 124.4 15.9 14.3 484 .4 
Percent’ of-Uotalases sive ac hie tis oberon 47.6 ZOE Mas Ih B55) 2.9 100.0 


1 In 1968 nuclear fuel was leased from the Atomic Energy Commission. 
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TABLE 19.5 


Example of Derivation of Fixed Charge Rate 


Fixed Charges—30-Year Life, Composite 
Conventional Steam Generating Equipment Total 
Industry 
Costofmoneysri sn eeegs ee ae 8.2% 
Depreciation and replacements.......... 1.2% 
Insurance. 2's. 2.0 Sees on ie aati 0.2% 
Income taxes gsas igclts erases Serieees os 2.2% 
Otherttaxes” Mrseste pees cape eeor 2.4% 
Totalt eee is cee oe See ee Oe ee eae 14.2% 


charges resulting from these analyses are used in 
estimating the 1990 costs of power. 

Composite fixed charge rates, derived by re- 
gions for various types of equipment, are shown 
in table 19.6. 


Fuel Cost 


A major operating cost, except for conven- 
tional hydroelectric installations, is that associ- 
ated with the procurement, transportation, 
storage, and handling of fuel. Fossil fuel costs 
vary significantly among regions, as shown in 
table 19.7. The estimated costs shown for 1990 
suggest a stabilization level for fluctuating costs 
that may, individually and at various times, de- 
part rather drastically from the figures shown. 
In the long run, however, it is assumed that fos- 
sil fuel costs will approximate those shown in 
the table which reflect an increase over costs 
prevailing in 1968 of approximately 50 percent 


for coal and oil and 100 percent for gas increased 
in each case to reflect inflation since 1968. It is 
also assumed that the general relationships be- 
tween costs of the different fossil and nuclear 
fuels will remain fairly constant, but should the 
cost relationships vary significantly, there will be 
changes in the amounts of each fuel used. 

For the United States, as a whole, and consid- 
ering the changes in fuel mix the projected fos- 
sil fuel cost per kilowatt-hour in 1990 is 139 per- 
cent of the costs at the end of 1968 (in constant 
dollars and exclusive of gas turbine and diesel 
fuel). In the 1969-71 period, not shown sepa- 
rately in the table, the cost increase was approx- 
imately 25 percent (or about 40 percent in cur- 
rent dollars). This phenomenal recent increase 
was largely due to the sudden imbalances in the 
fuel supply-demand relations caused by the rush 
to obtain low-sulfur fuels to meet emerging air 
pollution standards. Large spot purchases were 
often necessary, thus losing the economies of 
long-term contracts. It is expected that these im- 
balances will tend to disappear as the increas- 
ingly stricter standards reach an equilibrium 
and the most economical long-range methods for 
meeting environmental standards emerge. 

The general increase in 1990 fossil fuel costs 
results from higher costs of producing “cleaner” 
fuels and from the environmental and safety im- 
provements in the mines and other fuel produc- 
ing installations despite anticipated improve- 
ments in efficiency in the production of fuels. 

Nuclear fuel burn-up costs are those costs 
resulting from amortization of the nuclear fuel 


TABLE 19.6 


Estimated 1990 Composite Annual Fixed Charge Rates 


1990 Fixed Charge Rates (Percent) 


Service Life-in \Y ears...) 4a. 4p ie ie eee eae 30 
General Nuclear 
Region Plant Fuel ! 
Fossil 
Wortheast:. 40 cet ale 14.6 12S 15.4 
Rast;Centralaceeere ieee ee 14.2 Sr? 14.9 
Southeast-.s yas Gece eee 11.9 10.9 OT 
WestiCentral: sae eee 1123 1288 14.3 
South: Centrale. ae oe eee QO) 12.4 -14.2 
Westar tee een: 11.4 1250 13.9 


100 


30 35 30-50 35 
Generation Trans- Distri- 
mission bution 
Nuclear GT & IC Hydro 
15 a2 14.0 9.9 14.3 14.7 
Ways. 12.4 14.3 14.2 13.6 
i582 2S 9.9 12.4 Le 
Way 2¥2 10.9 8.4 £320 127 
14.8 9.3 6.5 137, 12.4 
14.4 9.9 9.1 124 12.4 


1 Fixed charges for nuclear fuel do not include a provision for depreciation, which is essentially equivalent to the nuclear 


fuel burnup included in the operating costs. 
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TABLE 19.7 
Fossil Fuel Costs—Actual 1968 and Projected 1990 


Coal Oil Gas Total Fossil Fuel 
Region Billion ¢/Million Billion ¢/Million Billion ¢/Million Billion ¢/Million Cost Mills/ 
kWh Btu kWh Btu kWh Btu kWh Btu. $ Million kWh 
1968 Fossil Fuel Cost (Includes Gas Turbine & Diesel) 
Northeast: <7 126.0 30.5 67.0 32.8 11.9 35.8 204.9 SIE Csue he O92 3.38 
Kast Central..... 262.2 PETA ian Als Se, aes acho hao tba 1.8 34.0 263.7 23.0 629 2.39 
moutheast,. ... 42". 164.4 26.2 20.9 30.4 24.1 29.9 209 .4 27.0 560 2.67 
West Central..... 106.9 265 4 er tm «eee ene 24.5 26.2 131.4 26.3 371 2.82 
South Central.... 8.9 D2 RATER OE th cre 156.0 20.9 164.9 2.0 368 2523 
VV CStacmWeeiae. Sark. 16.4 20.6 13.0 34.0 86.1 29.7 115.5 28.9 340 2.94 
Total U.S 684.8 583 100.9 32.8 304.1 25.1 “1,089.8 26.1 $2,960 Qe 42 
1990 Estimate of Fossil Fuel Cost (Excludes Gas Turbine & Diesel) } 
INortheastynmietee 98.0 45.8 92.0 CAPE ee ores Seinen a eo te 190.0 47.4  $ 880 4.63 
East Central..... 559.0 34.5 45.0 Gyn Me Ae Loc Ostia eee 604.0 Bote 2,022 ods) 
Southeast. .....1.3: 364.0 39.3 167.0 45.6 42.0 59.8 573.0 42.6 2,309 4.03 
West Central..... 181.0 39.6 15.0 44.4 24.0 52.4 220.0 41.3 859 3.90 
South Central.... 265.0 34.1 45.0 Bice 286 .0 41.8 596 .0 37.9 2,109 ays 
Westen tes ose.8s 226.0 30.9 97.0 51.0 73.0 59.4 396 .0 41.1 Tibet a) 3.93 
Wotali U.S. a. lb, 693.0 36.2 461.0 47.1 425.0 S722 7 12,519.0 40.0 $9,784 3.79 
Light Oil (No. 2) Natural Gas Total GT & IC Fuel 
Region Billion $/Million Billion $/Million Billion $/Million Cost Mills/ 
kWh Btu kWh Btu kWh Btu $ Million kWh 
1990 Estimate of Gas Turbine G& Diesel Fuel Cost } 

Northeast........ 9.0 NE PASY 5 Pad 0 bls A lata Eee 9.0 1.26 $190 Die! 
East Central... .. 8.0 (NOUR «35 SSS AN ge aca ae ee 8.0 Neat 152 19.00 
Southeastern ce 6.0 1523 3.0 0.60 9.0 1.02 155 Wry 
West Central..... 4.5 120 4.5 0.52 9.0 0.86 130 14.44 
South Central.... 22 0.94 6.8 0.42 9.0 0555 83 9,22 
West Wott seexone:« Ste) 1.06 ips 0.59 5.0 0.95 80 16.00 
Total U.S... 3325 ily 1555 0.50 49.0 0.96 $790 16.12 


11990 regional fuel costs (shown at 1968 dollar values) are increased 50 percent above 1968 fuel costs for coal and oil 
and 100% for gas. The 1990 total fuel cost for each region is based on the estimated composite heat rate for all fuels burned 


in the region. 


investment, not including financial carrying 
charges on that investment. Such costs are ex- 
pected to remain relatively consistent among re- 
gions and it is estimated that they will average 
1.6 mills per kilowatt-hour (at 1968 price lev- 
els) for all regions in 1990. 

Fuel costs for each region are applied to the 
anticipated pumping loads for pumped storage 
projects in that region to get total fuel costs. (See 
table 19.11) 


Table 19.8 summarizes fuel costs for all types 
of generation for the years 1968 and 1990. 


Operation and Maintenance Costs 
Operation and maintenance costs other than 
fuel burn-up include the payrolls of personnel, 
supervision and engineering expenses, supplies 
and equipment, and related items. 
Annual operation and maintenance costs of 
transmission facilities in 1990 are expected to be 
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TABLE 19.8 


1968 and 1990 Fuel Costs for all Types of Generation 


1968 1990 
Billion Fuel Cost Fuel Cost Billion Fuel Cost Fuel Cost 
kWh $ Million Méills/kWh kWh $ Million Mills/kWh 
(at 1968 price levels) 
Kossilisteami sat < epee nels sete: 1,090 2,960 7a DAR) 9, 784 3.79 
sas, turbine act IC: (uae 2 <5, 44. ene (4) ) (2) 49 790 16.12 
INuclearsteaml, tye dees = eee 12 CVU oasis eons 2,913 4,661 1.60 
@onventionalvhydrosenee ete eee: 218 (no fuel cost) 319 (no fuel cost) 
Pumped storage hydro.t2. .:).% «ieee © 4 (3) (3) 62 (3) (8) 
GrossivalueSiei,uene)oyetoracnacetter 1, 324 2,960 2.24 5922 WS PRES 2557 
Thess pumpingsenerpy-- +e CHR: A So ONS CRITE by Gee Q4 ie. fathai's oie. tes « Che [ote See een 
Bnergyiat, busbaren trier era Ls BIBS oaverere sctayeiohate ate hstaro ont D828 0 ic.1015 a letelecels eleleteseh Renee 
Adjustments 250 c-tem 6 08 200s erate 120 priest. stares fevateetarenerdate SOD ss sag waren a sis ee 
Energy and fuel cost at consump- 
Lion level ssa. o ne eede ee t one 1,198 2,960 2.47 5,027 15,235 2.86 


1 The generation and associated fuel cost for GT & IC are included in the 1968 fossil steam figures. The 1968 estimates 
for GT & IC are 7 billion kWh generation and $47 million fuel. 
? The nuclear fuel cost for 1968 is not included because reported figures apparently do not represent nuclear fuel burn-up; 


the cost has been estimated at $26 million. 


3 Fuel costs for pumping are included in fossil and nuclear steam plant costs, as appropriate. 


4 Losses, import-export differences, and other. 


about 1.8 percent of the total investment in 
transmission lines and substations which is ap- 
proximately the current rate. 


Distribution system operation and mainte- 
nance costs, estimated on the basis of cost per 
customer, are expected to increase from a na- 
tional average of $32 per customer in 1968 to 
about $46 per customer in 1990. The increase 
stems in part from the higher operation and 
maintenance cost for underground lines and the 
increased costs of minimizing environmental 
effects of distribution systems, and in part from 
the cost of additional facilities required for in- 
creasing use per customer. However, since use 
per customer is expected to triple by 1990, the 
cost per kilowatt-hour of distribution operation 
and maintenance in constant dollars should de- 
crease from 1.6 to 0.9 mills. 


Operation and maintenance costs, except fuel, 
for generating plants are generally related to 
kilowatts of installed capacity, and they vary 
from region to region. Table 19.9 summarizes 
estimates of 1990 costs by type of facility for 
normally expected capacity factors. 


Administrative and General Expenses 


Administrative and general expenses include 
administrative and general salaries and related 
expenses, legal and regulatory expenses, pay- 
ments for outside services employed, injuries 


TABLE 19.9 


Estimated Average 1990 Operation and Main- 
tenance Costs of Generating Plants, Exclusive of 
Fuel Costs—1968 Price Levels 


Annual 
Type of Generation Cost 
Dollars/kW 
Fossil: steamrssaneiy were, pated ote eee eal 
Nuclearjstéeam.. 3.12 0 tase ie ce eee 3.00 
Gas ‘tutbinemac eRe aas Cee oer enn 2 OU 
Diesel seek cocci ierc ere tee ae eet eee 4.50 
Conventional hydrot.® 2740, eee a 2FOD 
Pumped storage)... ceves «icjcsdem do esis eye oo 


1 Varies among regions from $2.75 to $3.50. 
* Varies among regions to as high as $3.50. 
3 Varies among regions from $2.00 to $4.50. 
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and damages, welfare and pensions, and other 
miscellaneous expenses. Such expenses are ex- 
pected to increase in future years, primarily to 
provide increased pension fund contributions 
and other fringe benefits, and to meet the re- 
search and development needs outlined in chap- 
ter 21. The estimates of administrative and gen- 
eral expenses have been increased from the 
historical average of about 25 percent of opera- 
tion and maintenance expenditures, exclusive of 
fuel, to about 33 percent for 1990. These ex- 
penses were then prorated to the functions of 
production, transmission, and distribution on 
the basis of projected operation and mainte- 
nance payroll costs. 


Working Capital 


Working capital is required to meet current 
expenses pending collection of revenues. Work- 
ing capital requirements include cash, prepay- 
ments, materials and supplies, and fuel stocks 
other than nuclear fuel. The 1968 working capi- 
tal maintained by Class A & B privately owned 
utilities was 3.38 percent of the gross investment 
of those utilities and the average for the entire 
industry was somewhat less. In 1968, approxi- 
mately one-half of the total working capital was 
for fossil fuel inventory (primarily coal). Since 
the proportion of fossil fueled generation will 
be considerably less in 1990 it is believed that 
about 3.25 percent of the investment would pro- 
vide sufficient working capital in that year. 


Thus, the 1990 working capital requirement is 
estimated to be 3.25 percent of $484.4 billion, or 
nearly $15.75 billion. The total annual cost of 
working capital in 1990 is estimated by multi- 
plying the 1990 estimated working capital re- 
quirements by 10.65 percent (8.2 percent esti- 
mated cost of money + 2.2 percent for income 
tax + 0.25 percent for incidental taxes, depre- 
ciation, depletion, and insurance on materials 
and supplies). The resulting $1,675 million is 
allocated 60 percent to production, 15 percent 
to transmission and 25 percent to distribution.’ 
The allocation to these functions by regions is 
shown in table 19.10. 


Total Power Costs 


Power costs for 1968 and projections for 1990 
are shown in table 19.11 by regions and United 
States total. 

The total annual costs of power for 1990 are 
estimated to be more than five times the 1968 
costs—an increase from $18,484 million to 
$97,200 million. However, sales are expected to 
increase nearly 4.5 times—from 1,198 billion 
kWh in 1968 to 5,327 billion kWh in 1990; and 
use per customer (average for residential, com- 
mercial, industrial, and all other customers) is 
expected to triple from 17,300 to 52,200 kilowatt- 
hours per year. Average costs per kilowatt-hour, 


2In table 19.1 the share of total cost distribution to 
each function is: production, 60%; transmission, 16%; 
distribution, 24%. 


TABLE 19.10 


Estimated 1990 Annual Cost of Working Capital 
[1968 Dollars] 


Region Production 4 Transmission ? Distribution * Totals 

(million) (million) (million) (million) 

IN OLtheast miter: ert orc cie: sore onesie wines $ 169 $ 48 $ 99 $ 316 
PastaGentralemrerete ae aoe one alata ene 194 36 63 293 
SOUCHEASUS er Pree ac tecs sey ie re Seo oe es eter nes 208 39 60 307 
Wiest? Centra lier 7 snes ere artee meee sb ic ba wr ae aa le aie 99 33 55 187 
SoutheGientrall ssid: ee reine note eke Sita ee 158 30 63 251 
AVV.es Canepa tere a OTA nL arenas auans, ahiw lountduetconraen abs 172 64 85 321 
ga ei Oi ee eo tatea stots Rima eta bene $1, 000 $250 $425 $1,675 


1 Production working capital is allocated among regions generally on the basis of the estimated 1990 generation, with 
fossil plants allocated at twice the unit rate applied to other plants. 
2 Transmission working capital is allocated on the basis of the estimated 1990 transmission plant investment in each 


region. 


3 Distribution working capital is allocated on the basis of the 1990 estimated number of customers in each region. 
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TABLE 19.11 
Costs of Electricity by Regions—1968 Actual and 1990 Projected 


Northeast East Central Southeast West Central South Central West Total U.S. 
$ Mills/ $ Mills / $ Mills / $ Mills / $ Mills/ $ Mills/ = $ Mills/ 
Million kWh Millon kWh Million kWh Million kWh Million kWh Million kWh Million kWh 
1968 
Power Production Costs 
Fuel fore tc eer eraretarene 692 3.04 629 2.84 560 2.48 371 2.69 368 2.48 340 1.43 2,960 2.47 
Other. O18 Me carr aciacer 330 1.45 307 1.39 284 1.26 22563 186 1.26 2TT. (1,47 7 915609) 1.34 
Allocated Admin. & Gen’l.. 70: 0:31 ate Ov2t 44 0.19 40 0.29 38 0226 39 «(0.16 278 0.23 
Fixed: Charges’.iss-ecnimeae 1,022 4.48 1435293236 624 2.76 633 4.59 AG2Ey Sale. 959 4.05 4,443 SEG Al 
Total Production Costs.... 2,114 9.28 1,726 7.80 1,512 6.69 1,269 9.20 1,054 7.12 1,615 6.81 9,290 Tste 
Transmission Costs 
O & M Expenses.......... 59) 10326 46 0.21 48 0.21 40 0.29 34.05.0525 68 0.29 295 0.25 
Allocated Admin. & Gen’l.. 17 910507, 13 0.06 14. 0.06 12°9510:.09 10 0.07 20 0.08 86 0.07 
Fixed|'Charges set... ci sisisxe 440 1.93 360 mee 29 ete 29 260 1.88 254 ent 390 1.65 1,995 1.66 
Total Transmission Costs... 516 2.26 419 1.89 353)" 156 SI2 e226 298 2.01 478 2.02 2,376 1.98 
Distribution Costs 
O & M Expenses.......... 502, 92-20 327 1.48 292 e209 262 1.90 PSY SRYS 349 1.47 1,963 1.64 
Allocated Admin. & Gen’l.. 147 0.64 98 0.44 93 «0.41 SSO Oz 80 0.54 S2m0s35: 585 0.49 
Fixed ‘Charges--- oo eae 1,109 4.87 635, 2.87 623 2.76 580 4.20 S35 On 1885 Scs2ne 4210 3.56 
Total Distribution Costs... 1,758 7.71 1,060 4.79 1,008 4.46 O77 One, 846. 5272, 121959 5314 ee 6x818 5.69 
Total Cost of Power.....€.....: 4,388 19.25. 3,205 14.48 2,873 12:71 2,508 18.18 2,198 14.85 3,312 13.97 18,484). 15542 
Sales—Billion kWh............ 227.9 221.3 226.1 138.0 148.0 237 ak 1,198.4 
Total No. Customers—Millions, 16.8 11.3 it 9.7 8.2 1253 69.4 
1990 
(1968 Dollar Values) 
Power Production Costs 
Foel..c0. ccc case icaees tt 251767 972.60" "925599" 3 137225 283. 407) 3091720 267 ae 27 06 ee 5) 2 Oe ene OU Oe 2.86 
Other'O:.& Mew. 26.2 eee 619 0.74 Sime ORT 768 0.70 481 0.75 59 Lee Oe 744 0.67 3,786 0.71 
Allocated Admin. & Gen’l.. 223 Ont, 208 0.26 276m O25 183. 0.28 2050220 268 0.24 # 1,373 0.26 
Fixed ‘Charges4.2ece occ ee 7,100 ~ 8.48" S,581 96.917 6,763 651499 65 50650907..85 95, 291 96.39 7 46 On 4 eee 7.00 
Total Production Costs.... 10,119 12.09 8,965 11.10 11,214 10.18 7,449 11.55 8,809 10.64 11,106 10.02 57,662 10.83 
Transmission Costs 
O&M Expenses.......... 346 60.42 20 Onsk 273. OR25 241 0.37 214 0.26 463 0.42 1,787 0.33 
Allocated Admin. & Gen’l.. 100 0.12 73 0.09 79 0.07 OO RLL 62 0.07 134 0.12 518 0.10 
Fixed @hargesiesee. soe cei 23864: ~ 3542 (2,053 7 2254 15970" 1.79 1 814. (2.805 1-703" 62.06) 3 250. O2 mes Osu 2.56 
Total Transmission Costs... 3,310 3.96 2,376 2.94 2,322 2.11 2,125 3.29 1,979 2.39 3,833 3.46 15,945 2.99 
Distribution Costs 
O & M Expenses.......... bie alesis 722 0.89 610 ROL a> 632 0.98 659 0.80 968 0.87 4,724 0.89 
Allocated Admin. & Gen’l 362 0.43 231 40.29 195 0.18 226) 210,35 QUT 0225 310 20.28 oss 0.29 
PixedaChatgess 1. a4 eee 45392, 5.25 2,333: 2.89: 992,177" 1.98 ©25432. (3377,. (25589 312 Sali ees 0S alias ss, Se25 
Total Distribution Costs... 5,887 7.03 3,286 4.07 2,982 2.71 3,290 5.10 3,459 4.17 4,689 4.23 23,593 4.43 
Total Cost of Power......<...«- 19,316 23.08 14,627 18.11 16,518 15.00 12,864 19.94 14,247 17.20 19, 628 17.71, .97, 200 ise25 
Sales—Billion kWh............ 836.7 807.8 1,101.1 645.2 828.2 1,108.1 SoZ Tat 
Total No. Customers—Millions. 23.5 1552 14.5 13.3 1531 20.4 102.0 


in terms of 1968 prices, are therefore projected to 
increase from 1.54 to 1.83 cents per kilowatt 
hour. 

Historically, there have been significant differ- 
ences among regions in the cost of power to the 
consumer. These differences have reflected such 
factors as the amount of fuel-free hydro capacity 
available, the relative cost of fossil fuels, labor 
costs, the composition of system ownership, and 


the degree of coordination that enhances the op- 
portunities for economies of scale. Such differ- 
ences are expected to continue. In 1968, when 
the average cost, nationally, was 1.54 cents per 
kilowatt-hour, regional costs ranged from 1.3 to 
1.9 cents. Table 19.11 projects regional costs 
ranging from 1.5 to 2.3 cents per kilowatt-hour, 
based on 1968 price levels. These relationships 
are shown graphically in figure 19.2. 
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ELECTRIC POWER COSTS 
1968 AND 1990 
CENTS PER KWH (1968 DOLLARS) 


1990 
PROJECTED 


iced 1.83 


WEST WEST SOUTH EAST SOUTH NORTH CONTIGUOUS 
CENTRAL CENTRAL CENTRAL ~~ EAST EAST U.S. 


Figure 19.2 
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CHAPTER 20 


FINANCING THE INDUSTRY’S GROWTH 


Introduction 


In the course of the next two decades, the 
electric utility industry will approximately 
quadruple its investment in plant and equip- 
ment (measured in 1970 dollars) according to 
the growth projections described in previous 
chapters. ‘he necessary investment to serve mar- 
ket growth will be augmented by capital outlays 
to replace deteriorated and obsolete plants and 
to meet new environmetal standards. 

When the first National Power Survey was 
published in 1964, the industry had been experi- 
encing a decade of level or declining capital 
costs, increasing internal cash generation, and 
relatively level interest rates. As a consequence 
electric power companies had little trouble rais- 
ing the funds needed to modernize and expand 
their plant. 

Today, this is far from the case. Since 1964, 
annual capital expenditures by electric power 
companies have more than doubled, from ap- 
proximately $5 billion to approximately $13 bil- 
lion. Meanwhile, internal cash generation has 
increased only moderately from about $2 billion 
annually to a little over $3 billion annually. As 
a result new money financing by the electric 
power industry has reached new highs. In 1970, 
electric power companies raised $8.2 billion in 
the capital markets. This compares with only 
$4.9 billion in 1969. It is estimated that the in- 
dustry’s total capital requirements will be in the 
order of $400 billion to $500 billion, valued at 
1970’s prices, between 1970 and 1990. 

Based on the pattern of the industry’s financ- 
ing in recent years, about $160 billion to $200 
billion, or around 40 percent of the needed 
funds will come from internal sources, princi- 
pally depreciation accruals and retained earn- 
ings, and 60 percent, or about $240 billion to 
$300 billion, must be obtained competitively in 


the capital market. If the rate of inflation is not 
reduced significantly, utilities will be confronted 
with capital requirements that are substantially 
larger than these. The industry’s financial plan- 
ning, no less than its construction planning, 
must be designed to meet these long-range 
growth projections. 

Financial planning requires estimates of an- 
nual requirements for capital outlays. In the 
past, work in progress was ordinarily financed 
out of funds on hand or short-term borrowing, 
but by the time a large project was placed in 
service permanent financing ordinarily had to 
be arranged. At present, because of extended 
lead times, there is an increasing need to ar- 
range for financing before the in-service date. 
Whatever amounts cannot be provided by cash 
flow from internal sources must be obtained in 
the capital markets. 

The bulk of the industry’s external funds has 
been raised through the sale of bonds most of 
which were sold at competitive bidding. How- 
ever, a substantial portion of bonds are now 
sold on a negotiated basis and some by private 
placement. The investor-owned sector of the in- 
dustry also taps the capital markets by selling 
common and preferred stock. 

The electric utility industry has a record of 
successful financing despite the general infla- 
tionary situation of recent years. Since the last 
National Power Survey was issued, interest rates 
have almost doubled, rising to an average of 
more than 8 percent for the new long term debt 
financing of Class A & B electric utilities in 1970. 
In spite of this, the industry has generally been 
able to attract necessary funds on reasonable 
terms relative to the market as a whole. In- 
creased attention has been given to the timing 
of securities offerings and also to tailoring the 
offerings to the preferences of investors, and on 
occasion a planned sale has been postponed. For 
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the most part, financing problems have been 
met without delaying construction programs. 
This has been largely because of the industry’s 
generally sound capital structure and its history 
of technological progress and steady earnings 
growth. 

The future ability of the industry to finance 
its growing requirements for new capital on 
schedule and on acceptable terms will depend 
largely on how well it will be able to compete 
with other borrowers of capital. Since cost sav- 
ings generated by rising productivity of labor 
and capital are generally associated with market 
growth and higher earnings levels, those firms 
and industries which are in the forefront of 
technological progress are likely to find that 
they are best able to attract and retain wide 
investor interest. The investment community 
places a premium on managerial performance 
measured by earnings results and demonstrated 
success in long-range planning. 

The electric utility industry in the past has 
had a high standing in the investment commu- 
nity, and has been a leading issuer of securities 
for many years. The challenges to utility man- 
agement in the period ahead, however, may be 
more formidable than in the past for many rea- 
sons, including the prospective scale of new 
financing and the likelihood of heavy demands 
for capital from other industrial sectors and 
from government. In addition, the industry 
faces a growing volume of maturing securities, 
generally at low interest rates, which will need 
to be refinanced at much higher interest rates 
within the next few years. 


Trend of Capital Outlays 


In recent years the capital requirements of 
the electric utility industry have been increasing 
rapidly to keep pace with the growth of electric- 
ity demand and higher costs associated with in- 
flation and other requirements such as environ- 
mental control. As shown in table 20.1, the 
industry raised its capital expenditures to $9.6 
billion in 1968, $11.1. billion in 1969, and ap- 
proximately $13.0 billion in 1970, compared 
with capital expenditures of about $5 billion 
annually during the first half of the 1960’s. The 
prospect is for a generally rising trend of capital 
outlays to about a $20 billion annual level be- 
fore the end of the current decade and a $40 


billion level by about 1990. Further price infla- 
tion will increase these amounts. 

As illustrated in figure 20.1, the absence of 
growth in total capital expenditures by the elec- 
tric utility industry from 1958 to 1965 can be 
traced to the sharp decline and slow recovery of 
new investment in fossil fuel generating stations. 
Generating plant investment since 1965 has 
been the fastest growing component of the in- 
dustry’s capital spending program, although 
there also has been a marked acceleration of 
investment in transmission and distribution. 

Figure 20.1 also shows that the industry’s an- 
nual expenditures for nuclear power facilities 
(excluding subsidies) amounted to almost $500 
million in 1967, the first year of separate report- 
ing, and increased to around $2,200 million by 
1970. This growth in outlays for nuclear genera- 
tion followed a bunching of orders for nuclear 
plants in 1966 and 1967, as discussed in chapter 
6. 

The trend of annual investment outlays by 
ownership sectors is illustrated in figure 20.2 for 
the period starting in 1953. A ratio scale is used 
in the chart in order to compare the relative 
rates of fluctuations. The outlays of the Federal 
and municipal sectors generally exhibit larger 
year-to-year variations than those of the other 
two sectors. It is notable also that the capital 
outlays of cooperative systems were higher in 
1953 and 1954 than in any subsequent year be- 
fore 1968. Annual outlays by Federal systems did 
not recover to the 1953 level until 1967, while 
municipal system outlays peaked in 1960 and 
again in 1967 and have exceeded the previous 
year’s outlays in 1968, 1969, and 1970. The broad 
trend over the period has been toward a larger 
share of total expenditures for electric plant by 
investor-owned systems. The investor-owned sys- 
tems’ share moved up from ‘the 70-72 percent 
range during the 1950’s to 81 percent in 1970. 


Sources of Financing for Investor-Owned 
Systems 


Investor-owned electric utilities rely upon in- 
ternal and external sources of financing in vary- 
ing proportions, depending largely on the 
amount of capital expenditures as related to the 
availability of internal funds. (See tables 20.2 
and 20.3.) The generation of internal funds 
tends to grow at a steady rate. In a period of 
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TABLE 20.1 


Electric Utility Industry Capital Expenditures, Contiguous United States 


{In Millions of Dollars] 


Generation Transmission Distribution Miscellaneous 


ROA 5, 7, ons 1, 103 
AGT eR co, Mesa a Mews 1,410 
NOD cs hea a capa 1,275 
SER aS woes et ene ee 1,344 
(OGY ce | ae 1,925 
ECR a ht 2,088 
TI ON ae ee Se ee 1,939 
LS es es ee 1,548 
CORR MP ME Ned ee ets sc 1,479 
LOS ee Pt a o 2,234 
TOS MMe a) he i a os 2,582 
olen 2) ie ee rn, 2,369 
EU: ool Sn ek rn oe 2,226 
[CA <A en tes. | 2,114 
CPG SOL a en nee ee, eee 8 1,693 
TOD) Sel Oe en es 1721 
NORD ala, ae eee oe 1,814 
Cells, ACE 1,941 
eae. oe nee 2,519 
ROG RN rete ered cP-. Nasihas «a oh 3,490 
POGS a ae cae. 0S teat 4,255 
LOCC cette eb Pe te Suche Sactynaring- ie 5,295 
OE SAG. 5 a et oe 6,646 


1 Figures may not add due to rounding. 


rapidly rising capital outlays, therefore, the util- 
ities must necessarily resort to increasingly 
larger proportions of external financing. When 
annual capital outlays more than doubled be- 
tween 1965 and 1970, the proportion of outside 
financing increased from $1.8 billion, or 44 per- 
cent of total sources, to $7.8 billion or 70.5 
percent of total sources. On the other hand, 
when capital outlays declined, as they did from 
1958, to 1962, the utilities reduced their reliance 
on outside financing from $2.3 billion, or 59 per- 
cent of total sources, to $1.4 billion or 41 percent 
of total sources. In view of the projected growth 
of investment in the period ahead, it seems likely 
that investor-owned utilities will need to raise at 
least 60 percent, and perhaps as much as two 
thirds or more, of their capital requirements 
through the sale of debt and equity securities. 
Table 20.3 shows that since 1946 debt financ- 
ing has been the most important single source 
of capital and that charges for depreciation and 


Total Total 
(partial (full 


coverage) ! coverage) 

400 O75 84 2,662 3,000 
400 1,190 93 3093 3,500 
425 Wz) 109 25936 3,300 
504 1,089 131 3,068 3,500 
577 1,118 118 3,738 4,300 
647 1,200 1127 4,062 4,700 
666 1,288 122 4,015 4,700 
571 1,343 161 3,623 4,300 
598 1,518 186 Om7ol 4,400 
747 1,566 199 4,746 5,500 
764 ors 187 4,906 5,600 
708 1,413 180 4,669 5,300 
715 1,565 183 4,690 5, 300 
764 1,550 180 4,608 5,200 
792 593 193 4,271 4,700 
837 1,568 230 4,357 4,800 
1,047 1,688 DSP. 4,801 5, 200 
1,181 1,861 269 5,254 5, 700 
1,418 2,008 302 6,345 7,000 
1,614 2,347 338 7,785 8,300 
1,899 2, 564 383 9,100 9,600 
1,998 25872 389 10,554 11,100 
Ze 201 SAS 506 12502 13,000 


amortization has ranked second, although for a 
brief period from 1961 to 1965 the relative posi- 
tions of the two sources were reversed. Since 
1965, these two sources combined have provided 
66 to 75 percent of each year’s total capital re- 
quirements. Through 1969 the remaining 
sources, listed in declining order of importance, 
were retained earnings, sales of common stock, 
sales of preferred stock, and accruals for de- 
ferred taxes. In 1970, however, sales of common 
stock and sales of preferred stock each exceeded 
retained earnings. 


Internal Sources 


The cash flow from depreciation and amorti- 
zation is the most dependable of the several in- 
ternal sources of funds. These “capital consump- 
tion allowances” are included in the rates 
charged for electric service in order to provide 
for the recovery of invested capital over the use- 
ful life of each class of assets. 
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ANNUAL CAPITAL EXPENDITURES FOR 
ELECTRIC PLANT BY TYPE OF FACILITY 


3,000 
2,500 
ee vy GENERATION 
a 2,000 A (FOSSIL) 
S \ 
a UU 
m= 
> 
= 1,500 
= 
1,000 
500 
GENERATION 
GENERATION (HYDRO) (NUCLEAR) 
0 
1950 1955 1960 1965 1970 
Figure 20.1 
Depreciation 


In a growing company, each year’s capital 
outlays include the purchase of added capacity 
as well as expenditures for replacing worn-out 
facilities. To the extent that the gross outlay ex- 
ceeds the annual charges for depreciation and 
other internal sources of funds, new capital 
funds will be required. The new investment 
added to the company’s plant accounts will be 
recovered through larger depreciation deduc- 
tions in future years. Also, in an inflationary 
economy replacement of facilities which are no 
longer useful with new facilities similar in size 
and type may create an additional capital re- 
quirement, since the replacement cost may ex- 
ceed the cost of the old facilities. In the past, 
however, technological advances and economies 
of scale typically have offset the rate of inflation 
so that the cost of the new replacement facilities 
in terms of dollars per unit of output has often 
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been lower than the unit cost associated with 
the facilities replaced. 


Since the effects of inflation on the cost of 
new plant and equipment have been largely 
offset until recently by advancing productivity, 
the financing requirements of the electric utility 
industry, like those of most other industries, 
have arisen principally from the need for addi- 
tional capacity. In recent years, however, pro- 
ductivity gains have not been sufficient to offset 
rapidly inflating costs. 

Depreciation rates applicable to given types of 
property are substantially the same among elec- 
tric utility companies. Such rates have tended to 
change only slowly over long periods of time. As 
shown in table 20.4, the average rates for broad 
asset classes ranged between 1.6 percent and 3.7 
percent per year as of 1966, while the composite 
rate was 2.8 percent. These rates are low in 
comparison with those in most other industries 
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TABLE 20.2 


Investor-Owned Electric Utilities, Sources of Funds, 1946-1970 
[Millions of Dollars] 


External Funds 


Internal Funds 


Year Common Preferred 

Stock Stock Debt 
eS oats eee $112 $ (41) §$ 26 
NOE) dh REE 3 see 162 91 556 
ee yes ee eo Gd A eee 294 56 1,182 
OG O RR Oa eres -s os 432 Dis 797 
TOSOR ORE «oe 472 182 632 
MOD Ieee arnt Aiea ater 436 156 919 
| ROG) ee Re ee eae 717 165 789 
LOS Sees ee ete oie g 304 187 1,254 
OSA ee cogs ciie tees calle ils 5 516 196 229 
Le ele) roct Aa ee han eee 415 180 1,080 
LOS OME eet ee 415 224 1,051 
TOS eee c dery irs aah Siseaveters « 541 87 1,932 
VOSS miere wets at nae ela 551 248 1,450 
TO59Op eee ee Ae os». 715 92 1,247 
LOGON a ied ake ck 540 164 1,226 
SS) Ae es ai oe 565 68 996 
LOG DR ee etek eT Lass cosmk: 462 148 764 
NOG 3 cere tata ees as ash sets 732 15 829 
NOG Are Ce et vec nace 661 43 1,008 
POG Stee ehemereusr ees, suas 30 379 142 1,261 
LOGOS A rae a 287 340 2,411 
NACL AVE ce), Aah oN ee eer 523 465 2,630 
VLOGS ee ee Say hes 3 hy 623 476 3,161 
AMOS als ee oe 864 401 By DO 
POTD EL Fe) 1,795 ls 4,866 


Retained Deferred 


Depreciation 
Total Earnings Taxes and Total 
Amortization 

$ 97 a TRS Miles Sra) pas eta ben $ 360 $ 428 
811 Gy Rakes Sipe 376 430 
W533 NA TAR Metoniot 403 550 
1,443 16 Lee ee 431 592 
iL Axe L468 etapa 483 632 
oe OB Sayre ator: 525 623 
1,673 200 Poet eet 562 762 
1,746 223 er ee ars 618 841 
1,942 182 $132 692 1,007 
1,676 140 128 766 1,035 
1,691 VID: 221 844 2o9 
Zoi 304 22) 906 1,432 
2,250 323 225 994 1,543 
2,054 313 237 1,093 1,645 
1931 379 167 1,181 1,729 
1,630 275 170 1, 283 1/29 
Loo 469 130 1,384 1, 984 
MH 159 110 1,489 1,759 
lS 501 42 1,574 2,119 
1, 784 570 49 1,675 2,294 
3,039 694 43 1,774 Ps Bye 
3,618 591 57 1,894 2,542 
4,260 745 62 2,034 2,841 
4,817 866 97 2,203 3, 166 
7,778 755 111 2399 3,265 


Source: Federal Power Commission, Statistics of Privately-Owned Electric Utilities in the United States. 


reflecting the relatively long service life of elec- 
tric utility assets. Even these low rates, however, 
generate a large cash flow—about 11 percent of 
electric operating revenues—since the industry is 
among the most capital-intensive in the United 
States economy. Table 20.4 also suggests a grad- 
ual shift toward higher depreciation rates in 
recent years. 


Retained Earnings 


Retained earnings are another major internal 
source of financing amounting to $755 million 
in 1970 or 6.8 percent of the total sources of 
funds in that year. They represent earnings that 
are “plowed back” into the business rather than 
paid out as dividends on common stock. Re- 


tained earnings in the order of 30 percent of 
total earnings for the electric power industry 
may be compared with an average of more than 
50 percent for all corporate enterprises. During 
the 1960’s retained earnings have provided a 
somewhat larger share of the financing require- 
ments of investor-owned utilities than during 
the 1950’s, both because the earned rate of return 
on equity capital increased during this period 
(see table 20.9) and because the proportion of 
total earnings retained increased by about 5 per- 
centage points. In 1970, however, the earned 
rate of return on equity capital and the propor- 
tion of total earnings retained both decreased. 
The industry’s decision to reinvest a higher 
portion of each year’s earnings is partly influ- 
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TABLE 20.3 


Investor-Owned Electric Utilities, Sources of Funds in Percent, 1946-1970 


External Funds 


Internal Funds 


Year Common Preferred Retained Deferred Depreciation 
Stock Stock Debt Total Earnings Taxes and Total 
Amortization 

ee eee Paras Seisct AOI EG Be 21.4 (7.9) ee 18.6 12).9 ok eveeta er: 68.5 81.4 
VO4 7 OR Ree are tor erates 13 7.4 44.8 65.3 Ze. Seat tir oe 30.3 34.7 
1948 Shc fo ee pos 14.2 Del. 56.7 73.6 Us eee 19.3 26 .4 
VQ49 icky thee, Meine etnete wees Die? 10.5 39.2 70.9 79 este, «tee eee PBN Pe 29.1 
1950 se ginne rome iar: 24.6 9.5 33.0 67.1 TI rice o5 of at Pa) 3269 
| (3 Me ee eter irare Choe 20.4 Use 43.1 70.8 A. 6) Pera ern eae: 24.6 2972 
ALES aise. namie sont cOkois 3 29.4 6.8 32°:5 68.7 Silienese weet P25}..1\ Ses 
URES nah Maer enone its Hes Tae 48.5 67.5 3 .Gi sac aeaee 23.9 3275 
eee aac aR BINS Sastcs cieogs 1725 Bad/ 41.6 65.8 6.2 4.5 2335 34.2 
1955, Sei... tac. eee See 153 6.7 39.8 61.8 ee 4.7 28 .3 38.2 
1956 5s). ods aes Sari. 13.9 725 35163 56.7 Use 7.4 28 .4 43.3 
IMS a8 rl Aiea caer dtc, Gani eee 13.6 Deo 48 .3 64.1 USS 56 22.8 35.9 
1958. 2. oc. PIB Ake e's oe 14.5 6.6 38.2 59.3 8.6 BEG 2672 40.7 
LODO Fee ose oe ae 19.3 Rab ied) DOB 8.5 6.4 29.6 44.5 
19GO SC eke rae 14.7 4.5 33.55 SPU 10.4 4.6 32S 47.3 
L9G Fae ee eee oe ee Lea Weal 29.0 48.1 8.3 gil Boao 5109 
V9G 28s A a teers 13.8 4.4 Diced | 40.9 14.0 3.9 41.2 5nd 
WOGS at ees nchaeas aoe cre IPG 0.5 24.8 47.3 4.8 Boe 44.6 52a 
L9G4 ee rs ae ie eras: 17.3 1.1 2623 44.7 iio Ven! 41.1 Ge 
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Source: Federal Power Commission, Statistics of Privately-Owned Electric Utilities in the United States. 


enced by the preferences of equity investors. In 
recent years these preferences appear to give rel- 
atively greater weight to future returns, which 
are closely related to the degree of earnings re- 
tention, than to present returns in the form of 
dividend receipts. Moreover, income taxes are 
weighted on the side of earnings retention, be- 
cause of the preferential rate on capital gains 
and the advantage of postponing individual in- 
come tax payments. Another reason for earnings 
retention is that it serves the same purpose as 
new stock sales in maintaining the desired level 
of equity in a company’s capital structure, with- 
out the trouble and expense of issuing new 
equity securities. 


Deferred Taxes 


Deferred taxes as a source of internal financ- 
ing has declined both in relative and absolute 
terms over the past 10 years as shown in table 
20.3. Since 1964, deferred taxes have provided 
about one percent of the industry’s financing re- 
quirements, whereas in several earlier years they 
provided 5 percent or more. 


External Sources 


Nonfinancial corporations typically resort to 
external sources for only one-fourth to one-third 
of their financing needs. In contrast to this, the 
investor-owned electric utilities in recent years 
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TABLE 20.4 


Average Rates of Depreciation for Investor-Owned Electric Utilities by Functional Plant Classification 
for Selected Years (Percent) 


Plant Classification 


Production: 
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1 Excludes transportation equipment for year 1966 only. 
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Source: Federal Power Commission, Electric Utility Depreciation Practices, various years. 


have raised more than half of their cash require- 
ments by outside financing. Utility sales of 
bonds have been especially heavy during the last 
five years, a time when other industries were 
also borrowing in large amounts and when in- 
terest rates in the United States advanced to the 
highest levels in more than 100 years. In 1970 
the investor-owned utilities raised $4.9 billion, 
or 44 percent of their cash requirements, 
through bond sales and about $2.9 billion, or 26 
percent, through sales of preferred and common 
stocks. In 1970 utility bonds constituted approx- 
imately 27 percent of the total registered with 
the Securities and Exchange Commission for all 
corporations.* 

In the recent upsurge of long term corporate 
borrowing, state and local government pension 
funds have been 
among the largest suppliers of funds. Mutual 
savings banks and individual investors, two 
groups which were net sellers during the first 
half of the 1960’s, were attracted by the higher 
yields being offered, and entered the market on 
a fairly large scale after 1965. Individual inves- 
tors were also attracted, in some cases, by mort- 
gage bonds and debentures with shorter maturi- 
ties. The electric utilities, as well as other 
corporate borrowers, benefited from this broad- 
ening of the market for bond offerings although 
they suffered some loss of traditional sources. In 


and insurance companies 


1 Securities and Exchange Commission, Statistical Bulle- 
tin, March 1971. 


the second half of the 1960’s private pension 
funds invested a greater proportion of newly 
available funds in equities instead of debt secu- 
rities. Whether this traditional source of funds 
will return in strength to the debt markets in 
the 1970’s remains to be seen. 

In the face of high interest rates and a gener- 
ally tight capital market during the past three 
or four years, some corporate borrowers, includ- 
ing electric utilities, have substituted short-term 
for long-term financing at generally lower inter- 
est rates. Although few utilities had used the 
commercial paper market in the past, some de- 
cided to minimize long term commitments at 
current market rates by turning to this source of 
financing. ‘The number of companies electing 
these essentially new departures in utility financ- 
ing increased substantially during 1969 and 
1970. Table 20.5 shows the recent growth of 
short-term borrowing by electric utilities 
through instruments of not more than one 
year’s maturity. The increases since 1965 reflect 
larger amounts of construction work as well as 
conditions in the financial markets. 

The electric utilities also raise a portion of 
their external funds through sales of preferred 
stock. (See table 20.3). Indeed, the electric utili- 
ties group ranks as the largest issuer of pre- 
ferred stock, although the popularity of this 
form of financing by utilities appears to be 
lower today than in years past.? Preferred stock 


2In 1970, however, sales of preferred stock increased 
sharply to nearly three times the 1969 level. 


J-20-7 


TABLE 20.5 
Short-Term Borrowing by Private Electric Utilities 
1960-1970 
Short-Term Total Debt Short-Term 
Year Debt at at Year End Debt as 
Year End ($ millions) Percent of 
($ millions) Total Debt 
OOO Reet 505 21,540 2.34 
LOGI eee 477 22,506 PN: 
OGD Rea 358 23,270 1.54 
LOGS mea 467 24,099 1.94 
1964..... 519 25,108 DAV 
L9G5aeeoe 867 26 , 370 329 
1966..... 1,053 28,781 3.66 
9G Face 1,480 31,839 4.65 
LOG8. 70k 1,961 35,480 5.53 
11969 eae 2,806 39,877 7.04 
NOVO). as ¢ 2,702 44,639 6.05 


Source: Federal Power Commission, Statistics of Privately- 
Owned Electric Utilities in the United States. 


has some similarity to bonds in that its divi- 
dends are payable at a fixed rate, but preferred 
stock does not have maturity dates and the is- 
suers generally have no contractual obligation to 
pay dividends, except in preference to dividends 
on common stock. Utilities have issued both 
convertible and non-convertible preferred stock 
but they have favored the latter. Between $300 
million and $1.1 billion have been raised an- 
nually through preferred stock issues in recent 
years. These sums accounted for 5 to 10 percent 
of the industry’s total financing needs during 
1966-1970. 

The sale of common stock is the remaining 
source of external financing available to inves- 
tor-owned utilities. Over the long run this 
source has declined in relative importance, from 
an average of 18 percent of total financing re- 
quirements during the 1950’s to 13 percent * 
during the 1960’s. Much of this decline was 
offset by increased financing through earnings 
retention. With the onset of the general stock 
market decline beginning in 1965, utility stock 
prices experienced a less favorable rate of appre- 
ciation. As a consequence it became relatively 
less attractive to finance through the use of com- 
mon equity. As debt financing tended to replace 
common equity financing, the common equity 
portion of total capitalization declined to 35.4 


3 Such sales increased to 16.3 percent in 1970. 


percent at the end of 1970, after reaching 39.0 
percent at the end of 1965. 

Apart from the immediate state of the securi- 
ties markets, the chief influence on decisions 
concerning the type of financing to use is the 
need to maintain a suitably balanced capital 
structure and adequate interest coverage in 
order to continue to raise new capital at reason- 
able cost. Debt capital has usually been consid- 
ered to be the least costly method of financing 
and common equity capital the most costly. 
However, the capital market will not permit un- 
limited substitution of debt for equity, despite 
the tax advantages associated with debt financ- 
ing. The attraction of bond financing from a 
cost standpoint rests upon (1) the existence of a 
cushion of equity earnings adequate to provide 
a margin of safety so that payment of bond in- 
terest is assured through adequate “interest cov- 
erage” and (2) a cushion of equity capital to re- 
duce the risk of capital loss to bondholders in 
the event of foreclosure. The greater the reli- 
ance on bond financing, the narrower is the risk 
protection afforded to bondholders and the 
greater the exposure of equity investors to fluc- 
tuations in earnings. Increased risks usually lead 
to higher costs of capital as well as to restriction 
of options for future financing. A mix of financ- 
ing which maintains a balanced capital struc- 
ture is therefore considered essential for 
minimizing a company’s overall cost of capital 
and safeguarding its access to the capital mar- 
kets when new financing is necessary. 

Although each company acts from the stand- 
point of its own financial circumstances, there is 
a high degree of similarity in the capital struc- 
tures of the investor-owned utilities. Among 197 
Class A and B electric companies, there were 
113 with debt ratios falling between 50 percent 
and 60 percent and 52 companies with ratios be- 
tween 40 percent and 50 percent at the end of 
1970. (See table 20.6.) The companies outside 
these essentially traditional ranges generally 
have unusual characteristics of ownership, assets, 
competition, or business operations. 

The capitalization ratios in table 20.7 are ag- 
gregates for all Class A and B investor-owned 
electric utilities. These indicate that common 
equity has remained within the narrow range of 


35.48 to439. 0% percentxot total capitalization for 


more than 30 years. The percentage for pre- 
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ferred stock has moved gradually downward 
from about 15 percent at the beginning of the 
period to just under 10 percent at the end, 
while the percentage for long term debt crept 
up from about 48 percent to nearly 55 percent. 
As noted above, the companies also had a near 
record amount of short-term debt outstanding of 
$2.7 billion at the end of 1970. 


Sources of Financing—Non-Federal 
Public Systems 


The non-Federal publicly-owned electric sys- 
tems rely on internal funds for capital expan- 
sion to a greater degree than the investor-owned 
systems. For systems reporting to the Federal 
Power Commission, external financing in the 
last few years has provided substantially more 
than has been provided either by additions to 
surplus or by depreciation and amortization 
charges. (See figure 20.3). Almost all external 
financing has been in the form of revenue 
bonds. Such bonds are exempt from the legal 
debt limits in effect in most municipalities. Be- 
cause the interest on such bonds is exempt from 
Federal income taxes, these systems can borrow 
more cheaply than investor-owned companies. 
Capital contributions by governmental units 
provide only a minor portion of each year’s 
financing requirements. 


Sources of Financing—Federai Systems 


Among the Federal systems, only the Tennes- 
see Valley Authority is empowered to obtain 


TABLE 20.6 


Long Term Debt as a Proportion of Total Capi- 
talization for 197 Investor-Owned Electric 
Utilities, December 31, 1970 


Long Term Debt Percentage Number of 

Companies 
Wessktliarrve2 OF eens eae romero ten a eee ne te 5 
2O0RIES OOD MTS dare. Se oe ea aeakee oe 4 
SOSI2 40:0 wll. taht. opvioesh Blo ceo itacyteste Se 11 
AD SOMO iste ale & bala FSS Oneae GI Bots COL inte 52 
DOO). ween cate: cl nretent ams dee census oie hts ws 
GON OOR Nee oe eae ose eet one 8 
Dire than 70.0% Aareince «sitet week: 4 


Source: Federal Power Commission, Statistics of Privately- 
Owned Electric Utilities in the United States, 1970. 
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*Excludes Power Authority of the State of New York. Approximately 
70 percent coverage from 1952 to 1961 based on sales to ultimate 
consumers, and approximateley 80 percent from 1962 to date. 


Figure 20.3 


funds in the private capital market by selling 
notes and bonds. TVA is authorized to borrow 
up to a total of $5 billion. Since 1959, when the 
borrowing authorization legislation was enacted, 
TVA has raised $828 million (net of repay- 
ments and refundings) by issuing its own securi- 
ties. Such borrowing represented around 30 per- 
cent of TVA’s total capitalization on June 30, 
1969. The remaining capitalization primarily 
consists of appropriations from the U.S. ‘Treas- 
ury. Debt service on notes and bonds, however, 
has precedence over repayment to the Treasury. 

As in the case of investor-owned systems, 
TVA’s interest costs on borrowed money have 
increased sharply in recent years. Partly as a re- 
sult of this, TVA has raised its rates by fairly 
substantial percentages. 

The other four major Federal systems, Bureau 
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TABLE 20.7 


Capitalization of Class A and B Investor-Owned Electric Utilities, 1937-1970 


{Millions of Dollars] 


Long Term Debt 


Preferred Stock Common Equity 


oe Amount Percent Amount Percent Amount Percent 
O37 Cheon coe ccau rau eee $ 6,850 47.5 Paleo 14.8 $ 5,323 EE WISTK 
1938 5 Mkts 5 Jes Ose aes 7,060 48.5 2,092 14.4 5, 296 eka! 
VOSS os Sroeictesiace. ck RiReae whine, ote eT eke G97 48.1 2,059 14.2 5,354 2H Afb 
1940 ft oh. sd SO aoa een oe 6,895 47.3 2,078 14.2 5,508 3855 
1943 iia. cate. aes, ee ae 6,821 46.9 2ROST 14.4 5), Beh 38.7 
1942 Ses ce Sa Ee Sy Oe RE Oe 6,753 46.9 PSD 14.8 5,430 38.3 
1943 0s Ratucide OMe ae teas Pee oe eee 6, 587 46 .6 2,142 15a 5,361 38.3 
194455 onc SO cee Ae es OP apse 6,370 46.1 2,146 ergs 5,269 38.4 
19455, Pee cbc oor eben se Ceo ae es Onlt7 46.5 2,071 W774 4,926 3/20 
T9946 oocstece Mee thas ic) oe eh Mee eee 6,129 46.1 2,029 WG 5,106 38.7 
N94 7 oa crescent «hee a ee 6,581 46.8 Z| W5a(0) 5,324 38.2 
Ee Se PRA een GE a aha cick 7,693 49.1 2,178 13.9 5,765 37.0 
1949 RF Oe ecco Tae Cette cee 8,532 49.3 7h eV 13.8 6,359 36.9 
1950 ..paey acs APRS ecin, Sus cate, cee Rea 9,178 48 .9 2,574 NY 7/ 6,980 37.4 
LOS. Sree eee sees ee eee 9,983 49.2 Dal 1355 Tallis SS 
ho itp eat Ss” Sk Se eee Mes |. Satanic 10, 796 48.7 2,896 13.0 8,432 383 
OS See ec es TS ears a eee 12,030 49.8 3, 084 WS} 8,929 37.4 
£954 Fy see ete cree et we cee See 13,312 50.4 3,280 12.4 9,659 31/62 
TO55 APRA eee ek eR re eee eee aye 14,315 50.7 3,461 1S 10,216 37.0 
1956 cB Sad oe Si hed - Seach epee ee ak 15,210 Gil 3,686 12.4 10,853 36.5 
LOST Seo eet cacan Ste cuisine 17,036 52.4 3,774 11.6 11,700 36.0 
LO 5G See Sire Gia ec oP aR ee 18, 558 52.8 4,023 11.4 125575 3580 
959 Patent ore Oe eG nie Caer 19,817 52.8 4,115 11.0 13,604 BAS) 2 
VOGO STs Ae ae artes ay ore eee eer 21,034 HIE 4,280 KOR 14, 524 3655 
196 Lede. ae ee 22,028 523 4,349 10.4 15,365 36.8 
L9G2Qeio. ook Se ae Bayo eel. eee eee: 22,9 U2 52.4 4,497 10.3 16,296 37S 
1963 see Se aot ee, SO. oe ae: 23),03)1 aD] 4,513 10.0 17,189 37.9 
TOGA catenin are he ache sea ae aeE Een. 24 , 588 Bil 8 4,557 9.6 18.352 38.6 
|e ea ea aN Ne Ree EBS c's cae Co Seto mice D8), BAO SS 4,700 9.5 19, 302 39.0 
19665. hy A BE SS Pas Ton: eae 27,728 HES 5,040 9.5 20, 283 38.2 
19678520. Seer shee oe 5 ee et eae 30, 358 53.0 5,505 9.6 21397 37.4 
LOGS seth. Se eeerge Lite e ss SRY Sh5 DUG, 53.8 55982 9.6 22,766 36.6 
LQG 9 ie gegh nicaens Nc dsinec rede eins oe 7 ON 54.6 6,382 9.4 24,496 SORE 
NEVA Rricey Bis ently canes CAR OS eo ote 41,938 54.8 7,499 9.8 27,045 35.4 


Source: Federal Power Commission, Statistics of Privately-Owned Electric Utilities in the United States. 


of Reclamation, Bonneville Power Administra- 
tion, Southwestern Power Administration, and 
Southeastern Power Administration, are depend- 
ent entirely on Congressional appropriations for 
their financing. 

Federal systems, as in the case of the other 
publicly owned systems, are not subject to Fed- 
eral and state income taxes or to local property 
taxes. TVA, however, as well as a number of 
other nonprivate systems, makes some payments 
in lieu of taxes to state and local governmental 
units. 


Sources of Financing for Cooperative 
Systems 


Since the creation of the Rural Electrification 
Administration in 1936, more than $7 billion in 
loans to cooperative systems have been approved 
by REA of which more than $2 billion of prin- 
cipal has been repaid. Under the Pace Act of 
1944, the interest charge on REA loans was set 
at 2 percent with a repayment period of 35 
years. As of December 31, 1970, the net invest- 
ment in cooperative electric systems was about 
$5.2 billion. 
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SOURCES OF FUNDS 
DISTRIBUTION COOPERATIVES 
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iy Annual increase in long term debt outstanding. 


Figure 20.4 


The principal source of funds for distribution 
cooperatives during the last 10 years has been 
depreciation accruals and net margins, with less 
than 25 percent coming from borrowed capital 
usually in the form of REA loans. (See figure 
20.4.) For generating and transmission (G&T) 
cooperatives, which have been growing more 
rapidly than the others, borrowed funds are still 


the main source of new capital. (See figure 
20.5.) 
At present, cooperative systems (especially 


G&T cooperatives) are handicapped in seeking 
funds in the private capital market because of 
their high debt ratios and low interest cover- 
ages. Moreover, any outside borrowing would be 
subordinated to their REA mortgages which, by 
law, represent a first lien on the cooperatives’ 
assets.* 

The possibility of joint undertakings by pri- 
vate and cooperative systems is illustrated by the 
Buckeye project in Ohio. A group of 27 cooper- 
atives joined with the Ohio Power Company, an 
investor-owned system, in financing two 615 me- 
gawatt generating units which were completed 
in 1967. ‘The Buckeye cooperatives raised $62 


4 Financing through the National Rural Utilities Coop- 
erative Finance Corporation is an exception. 


million in the open market to finance their 
share of the facilities, i.e, ownership of one of 
the two units plus participation in joint facili- 
ties. 

More recently, the National Rural Utilities 
Cooperative Finance Corporation (CFC) has 
been organized. The purpose of CFC is to raise 
funds in the capital markets to supplement 
financing provided by the Rural Electrification 
Administration. Initial funds are being provided 
by CFC member systems on a pro rata basis. It 
is anticipated that CFC will raise debt capital 
secured by mortgages on the projects receiving 
financial support. 


Private Financing through Holding 
Companies and Joint Enterprises 


Most investor-owned electric systems are inde- 
pendent corporations which borrow capital and 
raise equity funds under their own name, but, 
as described in chapter 2, about 80 are subsidi- 
aries of holding companies. These subsidiaries 
usually do their own debt financing, but all or 
part of their equity capital is provided by the 
parent company. 

Another form of joint enterprise is exempli- 
fied by the “Yankee” companies in New Eng- 
land. The Yankee Atomic Electric Company, or- 
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Figure 20.5 
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ganized in 1954 by 12 sponsoring investor-owned 
utility companies, was formed to provide a 
broader economic base for sharing the large fi- 
nancial burden and risk associated with a nuclear 
generating station. Thirty-five percent of the 
total cost of the Yankee Atomic plant was 
financed by sales of common stock to the spon- 
soring companies. Entitlement to the capacity 
and energy from the plant is in proportion to 
their respective equity investments. The remain- 
ing cost of the plant was financed through a 
combination of bonds and bank loans by Yan- 
kee Atomic. Three more “Yankee” companies 
have since been formed with essentially similar 
organizational structures. 

Other utilities, including some of the nation’s 
largest systems, have also engaged in various 
types of joint financing arrangements to capture 
the scale economies inherent in giant-sized gen- 
erating units. This pattern of institutional inno- 
vation appears to be spreading, as more compa- 
nies find that they are not in an advantageous 
position to go it alone with the required capital 
investment for the most technologically ad- 
vanced large units. 


Outlook for Future Financing 


Electric utilities have had important advan- 
tages over many other industries in competing 
for funds in the private capital markets. The 
comparative stability of their earnings, the per- 
sistent growth of electricity demand, and the 
gains in productivity from advancing technology 
have, together, commanded a premium from 
investors. 

Recently, however, several developments ap- 
pear to have diminished the attractiveness to 
investors of the debt and equity securities of 
electric utilities. The continued gradual in- 
creases in the debt portions of the capital struc- 
tures of electric utilities and the recent sharp in- 
creases in interest rates discussed earlier have 
resulted in substantial declines in the interest 
coverages of investor-owned electric utilities. In 
1964, the industry average before-tax earnings 
was 5.07 times interest, and many high grade 
electric utility companies had coverages of 6 or 
7 times interest. By 1969, the average before-tax 
earnings for the industry had dropped to ap- 
proximately 3.7 times interest, and by 1970 had 
fallen further to 3.1 times. The combined result 


of rising debt ratios, high interest costs and re- 
duced coverages has been reductions in the 
credit ratings of many electric utility debt secu- 
rities. About a third of the large electric power 
companies have had the ratings of their debt se- 
curities reduced during the last few years. Fur- 
ther reductions are likely to contribute to fur- 
ther increases in interest costs and perhaps 
greater difficulty in raising the funds required in 
the coming years. 

The problem of obtaining adequate debt 
financing at reasonable costs is exacerbated by 
the fact that the electric utilities face a heavy re- 
financing schedule in the period ahead. The vol- 
ume of bonds reaching maturity will increase 
from less than $100 million per year during the 
1960’s to an average of $550 million per year 
during 1971-1974 and $1.2 billion per year dur- 
ing 1975-1979. Thereafter, the amounts will be 
somewhat larger. (See table 20.8.) Since most of 
the maturing bonds carry coupon rates below 5 
percent, the necessary refunding will increase 
materially the embedded debt costs of the utili- 
ties unless market rates decline substantially 
from current levels. 

It is also apparent that investor interest in 
electric utility common stocks has diminished in 
recent years. During the period 1956 through 
1965 the Standard and Poor’s index of electric 
utility stocks increased about 125 percent as 
compared with an increase in the index of in- 
dustrial stocks of about 85 percent. Since that 
time, while industrials have risen by about an 
additional 10 percent, the index of electric util- 
ity stocks has fallen by more than 30 percent. A 
number of developments have contributed to 
this apparent disenchantment on the part of 
investors with electric utility common stocks. 


’ Undoubtedly, the problems that the industry 


has been experiencing with respect to reliability 
and adequacy of power supply and with respect 
to problems of environmental impact have 
caused a certain amount of investor uncertainty 
concerning the future of the industry. In addi- 
tion, although the long term trend in rate of re- 
turn on book value of electric utility common 
stock equity securities has been upward, it has 
been declining somewhat since 1967 as shown in 
table 20.9. This is particularly significant in 
view of the fact that the proportion of equity in 
the capital structures of electric utilities has con- 
tinued to decline as shown in table 20.7. Both 
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TABLE 20.8 


Schedule of Electric Utility Debt Falling Due 
1971-2005 


[Bonds issued through 1970] 


Year Amount No. of 
(Millions) Issues 
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Source: FPC Form 1. 


of these developments in combination with ris- 
ing interest rates have resulted in the sharp de- 


cline in interest coverages described above 
which increases the risk of common. stock 
equity. 


Another important change that has occurred 
since the mid-1960’s has been the growth in the 
proportion of the net earnings of electric com- 
panies arising from bookkeeping credits for in- 
terest capitalized on construction work in prog- 
ress. As electric companies’ construction 
activities grow as a proportion of their total 


business, this interest credit has become a corre- 
spondingly growing proportion of earnings. 
Thus, any significant decline in construction 
programs may have a significant adverse impact 
upon electric utility earnings. 

Finally, the attractiveness of the industry’s se- 
curities is also dependent upon the posture of 
public utility regulation especially as it affects 
electric utility revenues. In the recent period of 
very high interest rates and sharply rising costs, 
investors have been understandably concerned 
lest the regulatory system be laggard in sanc- 
tioning rate increases to cover the higher levels 
of costs. Regulatory responses which diminish 
such uncertainty will tend to reduce the cost of 
capital to utilities, for it is a paradox of regula- 


TABLE 20.9 


Earned Rates of Return and Average Interest 
Rates, Investor-Owned Electric Utilities, 1946— 
1970! 


Percentage Percentage Average 
Rate of Rate of Interest Rate 
Retura on Return on on Long 
Common Stock Net Utility Term Debt 
Equity Investment 
1947..... N@),.& 6.5 3.0 
1948..... 9.9 6.0 3.0 
1949 ia. ow 10.6 6.2 3.0 
NODE 5 ae 10.6 6.0 259 
1O5 Teco 9.6 5.6 Doe 
P95 2eyeeer: 10.3 5.8 80) 
1953 sneer NOR BaF Bip tt 
154 are. 10.6 ied Bo 
LO 5a eres 11.0 5.9 Boll 
NOG. os! ¢ Oya 5.9 Balk 
195 eee 11.0 Se v/ B58) 
VO5Saeee Leo Sad 3.4 
WEE oo oc WN 5.8 389 
OGORmerar Ties 5.9 320 
NOM 5 6 oc 2 6.0 3E6 
19627a. ibs # 673 Boll 
LOGS eee ies 6.4 Bed 
1964..... 12R3 6.4 Bol 
NBS), oo 2 12.6 6.6 3.8 
9GGsee 12.8 6.6 329 
NOs 28 x 2 6.6 4.0 
WOES, oko « 1253 6.4 4.3 
WINES). 5 so < 22 6.4 4.6 
TOV), oo 66 We Gm rel 


1 About 10 percent of total utility investment is for utility 
plant other than electric plant. 


Source: Federal Power Commission, Statistics of Privately- 
Owned Electric Utilities in the United States. 
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tion that significant delays in permitting higher 
costs to be reflected in higher rates may ulti- 
mately result in higher costs of capital and 
higher rates. It is therefore important that state 
and local regulators as well as this Commission 
exercise diligence in minimizing regulatory lag. 

The industry’s financial requirements for the 
next two decades are exceedingly large. This 


Survey does not attempt to delineate or predict 
the specific methods by which the facilities may 
be financed to supply the immense increases in 
load projected in earlier chapters. It is obvious, 
however, that the ability of the industry to ful- 
fill these requirements for load growth will de- 
pend on its continued success in raising large 
and growing amounts in the capital market. 
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CHAPTER 21 


RESEARCH AND DEVELOPMENT NEEDS OF THE INDUSTRY 


Introduction 


The 1964 National Power Survey emphasized 
the need for expanded and coordinated research 
activities in the electric power field. Soon after 
the survey was published, a report of the Select 
Ad Hoc Research Committee + was issued in 
which the need for more research and develop- 
ment (R & D) effort and for greater support of 
such work by the electric power industry was 
clearly recognized. That report recommended 
formation of a joint research council consisting 
of representatives from investor-owned utilities, 
Federal power agencies, state and local govern- 
ment power agencies, and cooperatives. ‘The 
stated objectives were to bring together repre- 
sentatives of the various industry segments to 
appraise research affecting the industry, identify 
areas of needed research, participate in such re- 
search, and exchange reports on research. 

The Electric Research Council (ERC), an or- 
ganization such as that recommended by the Se- 
lect Ad Hoc Committee, was formed early in 
1965. Membership includes representatives of 
the four utility ownership categories as sug- 
gested by the Committee. ‘The Council serves as 
a medium for joint sponsorship of research proj- 
ects by those members who have mutual interest 
and concern in the various areas of research ac- 
tivity. Many of the major projects have received 
primary financial support from the Edison 
Electric Institute. In addition, individual utili- 
ties, other utility organizations and the Federal 
government have sponsored or participated in 
specific projects related to their particular inter- 
ests. 

For the past several years, the largest single 


1An eleven-member committee formed by the Federal 
Power Commission in July 1963 to study and make rec- 
ommendations concerning a permanent industry-wide or- 
ganization to encourage and coordinate research and de- 
velopment activities in the electric power industry. 


area of R & D expenditures has been the nu- 
clear field, involving reactors, fuel, and related 
nuclear power plant facilities. Other major areas 
of investigation have been transmission systems, 
with particular emphasis on underground and 
ultra-high-voltage (UHV) overhead transmis- 
sion, environmental problems, particularly air 
pollution and the environmental effects of cool- 
ing water discharges from thermal power plants; 
improvement in power plant equipment, new 
forms of generation, advanced contro] systems, 
better techniques in lightning surge control; 
and related problems in the design and opera- 
tion of power systems. 

One slightly different research activity in- 
volves an extensive effort sponsored by the util- 
ity industry to develop an improved storage 
battery for electric vehicle motive power. This 
work can, of course, make an important contri- 
bution to solving the problem of urban air pol- 
lution, nearly half of which is said to result 
from automotive discharges. 


In the United States much of the R & D work 
has been performed by the electrical equipment 
manufacturers. In 1969, they and other electric 
power industry suppliers reported some $110 
million of R & D expenditures. 


During the same year, electric utilities re- 
ported research and development expenditures 
of about $40 million, or less than one-fourth of 
one percent of gross electric operating revenues, 
but this figure does not include significant costs 
of delays and start-up expenses incurred because 
of R & D type work carried on at the site of new 
equipment. The continued growth in use of 
electric energy, public demand for environmen- 
tal protection, competition for land and water 
use, and concerns about overall energy resources 
all indicate the need for a considerably higher 
level of regularly budgeted research and devel- 
opment activity. The Commission therefore has 
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recently revised its rules concerning the account- 
ing treatment for R & D expenses to encourage 
more active participation by the utilities in in- 
vestigation which provide promise for meeting 
power supply problems of the future. 

On June 4, 1971, President Nixon sent to the 
Congress a message on energy in which he out- 
lined a program to facilitate research and devel- 
opment for clean energy. This program in- 
cluded a commitment to complete the successful 
demonstration of the liquid metal fast breeder 
reactor by 1980; more than twice as much Fed- 
eral support for sulfur oxide control demonstra- 
tion projects in fiscal year 1972; an expanded 
program to convert coal into a clean gaseous 
fuel; and support for a variety of other energy 
research projects in fields such as fusion power, 
magnetohydrodynamic power cycles, and under- 
ground electric transmission. 


The Commission endorses these programs and 
urges that the level of R & D activity in these 
and other areas be increased so that the electric 
utility industry, in conjunction with Govern- 
ment, equipment manufacturers, and the coal, 
petroleum, and other resource industries, can 
develop as soon as possible, new methods, equip- 
ment, fuels, and systems planning required to 
meet increased demands for electricity with min- 
imum impact on the environment. 


Distribution 


The Distribution Technical Advisory Com- 
mittee in its June 1969 report to the Federal 
Power Commission, identified automatic or re- 
mote-controlled switching devices for distribu- 
tion feeders as a most challenging need. These 


devices would provide immediate identification. 


and isolation of a faulted line section and 
would restore service to the remainder of the 


circuit. It indicated that considerable develop- - 


ment work will be required before the necessary 
switchgear, communication channels, and con- 
trols become economically feasible for general 
application on underground and overhead cir- 
cuits. 

Experimental installations are being made on 
some distribution systems to monitor, remotely, 
individual equipment components and customer 
services and to provide immediate notice of ab- 
normal conditions or failure. Future goals in- 
clude the development of practical means for re- 


mote monitoring of each customer’s service and 
each line transformer, remote reading of each 
customer’s meter, and remote operation of dis- 
tribution line switches over a common commu- 
nication channel. 

Other needs include smaller pad-mounted 
transformers, smaller switching cubicles, and 
simplified connectors. 

The extensive shift to underground distribu- 
tion in the recent past has left scant time for 
equipment development. Many new concepts 
are being applied in an effort to reduce the cost 
of underground facilities and extend their appli- 
cation. While most of the new concepts and de- 
signs should operate satisfactorily, comparative 
designs and thorough testing were not always 
possible, so research directed toward design im- 
provements should be fruitful. 


Lightning has been and will continue to be a 
primary cause of overhead distribution line out- 
ages in many parts of the country. The general 
trend is toward the use of higher insulation lev- 
els for distribution circuits and lightning arres- 
ters or overhead ground wires for lightning pro- 
tection. Performance has improved accordingly, 
but more knowledge of lightning stroke fre- 
quency and characteristics in particular service 
areas would be helpful. 


Mathematical models are being developed to 
evaluate the overall reliability of various distri- 
bution systems. Continued model development 
is recommended to provide more precise meth- 
ods for improving reliability. 


Transmission 


Extensive research programs are under way to 
develop new methods and materials for the elec- 
tric power transmission systems of tomorrow. 
The studies are supported by both utilities and 
electrical equipment manufacturers. Foreign 
equipment suppliers are participating in a few 
of the development programs concerned with 
new, higher voltage equipment for use in future 
UHV systems. 


Underground Cables 


The extremely difficult problems of obtaining 
transmission line rights-of-way in urban areas 
and the growing problems in both suburban 
and rural areas, coupled with more recent con- 
cerns about the environmental and esthetic ef- 
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fects of overhead lines, have resulted in exten- 
sive research and development related to 
underground facilities. Among the major prob- 
lems of long high-voltage ac cables are the high 
charging currents. The large compensation nec- 
essary creates serious problems in the design and 
operation of an underground ac system, and 
adds materially to the cost. Several manufactur- 
ers and utilities are working on various methods 
of increasing pipe-type cable ratings by forced 
circulation of cooling oil. This approach appears 
to offer promise of increased capability and 
lower transmission costs for both existing and 
future cable installations. 

The Electric Research Council is sponsoring a 
$17 million underground transmission R & D 
project involving the study of several different 
techniques and the development of related 
equipment for high capacity, long-distance un- 
derground transmission. One part of the pro- 
gram involves testing and evaluating cable sam- 
ples by means of aging and overvoltage tests. 
Both steady state and cyclic operation of cable 
test loops are used to produce temperatures and 
voltages equivalent to those expected under 
maximum operating conditions. The Waltz Mill 
cable test station, figure 21.1 near Pittsburgh, 
Pennsylvania, is capable of testing and evaluat- 
ing cable systems from 138 to 1,100 kilovolts, al- 
though there are no plans to utilize voltages 
above 750 kilovolts before 1990. The extra-high- 
voltage (EHV) section has been in use since 
August 1969 for testing 500-kilovolts pipe-type 
cable, and it appears that such cable should be 
available for commercial use in the mid-1970’s. 
The HV section was employed more recently to 
evaluate new cable designs in the 138 and 230 
kilovolts classes. 

The ERC underground transmission program 
has several short-range objectives, including ex- 
tension of the voltage range of oil-impregnated, 
paper-insulated cable and other existing types of 
insulated cable, improvement of power transfer 
capability of present systems, development of 
faster and less expensive cable splicing methods 
and procedures, development of extruded insu- 
lation for high-voltage cables, and development 
of synthetic tape insulation for EHV cables. 

Other goals of the underground transmission 
R & D program include the development of 
compressed gas insulation systems; development 
of cryogenic and superconducting cables; reduc- 


Figure 21.1—Waltz Mill cable test station near Pittsburgh, 
Pennsylvania. 


tion in cable installation costs; improved joint 
use of rights-of-way; and development of ad- 
vanced concepts such as underground microwave 
transmission. 

Several separate projects involving compressed 
gas insulation (CGI) systems are now being car- 
ried out. The CGI systems are particularly attrac- 
tive because of their lower charging currents 
and dielectric losses and because of their heat 
removal capabilities. It has been suggested that 
CGI cable might have as much as three to four 
times the capacity of conventional pipe-type 
cable. If this is true, much longer cable lengths 
would be feasible for ac applications. Power 
handling capability of about 2,000 megavolt am- 
peres per 345 kilovolts circuit appears at this 
time, to be a reasonable goal for near-term de- 
velopment. This compares to a maximum capa- 
bility of 500 megavolt amperes or less for the 
highest-voltage (345 kV) underground cables in 
service today. Two manufacturers have devel- 
oped sulfur hexaflouride (SF,) gas-insulated, 
spacer-type designs for use at 345 kilovolts and 
are expected to have 500 kilovolt designs ready 
for performance tests in the early 1970's. 

With respect to cryogenic cable systems, a re- 
cent technical paper? reports that capital costs 
might run about $1,200 per megawatt-mile for a 
double-circuit conventional pipe-type cable of 
about 1,300 megawatts capacity; $800 per mega- 
watt-mile for a single-circuit cryogenic cable sys- 
tem of about 3,500 megawatts capacity; and 
$600 per megawatt-mile for a similar circuit of 
5,000 megawatts capacity. 


2“Cryogenic Cable Systems for High Capacity 
Underground Transmission Systems,” American Society of 
Mechanical Engineers, Paper 69-WA/PID 14, 1969. 
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Results of one manufacturer’s work on a ni- 
trogen-cooled system, using conductors with die- 
lectric spacers in a high-vacuum insulation, have 
been sufficiently encouraging that a 345-kilovolt 
cable has been proposed which is said to be 
competitive with oil-paper insulated pipe-type 
cables for capacities of about 1,000 megavolt 
amperes or more in the 138-, 230-, and 345-kilo- 
volt voltage classes. 

One contractor is currently engaged in a mil- 
lion dollar, three-year study of resistive cry- 
ogenic systems for the ERC. If R & D progress 
continues as projected, the resistive cryogenic 
system may be available for utility application 
for circuits of about 4,000 megavolt amperes ca- 
pacity by about the end of the 1970’s. Both liq- 
uid hydrogen and nitrogen have been used as 
coolants, but liquid nitrogen appears to be the 
better choice for the near future. 

Investigations up to this time indicate that su- 
perconducting cryogenic systems, as_ distin- 
guished from resistive systems, have little to 
offer in the 3,000 to 5,000 megavolt amperes ca- 
pacity range, but may be attractive in the 7,000 
to 10,000 megavolt amperes range. While there 
does not appear to be a near-term requirement 
for circuits in this higher capacity range, R & D 
on superconducting systems is quite properly 
being carried out with a view to longer-term 
needs. 

One project in the ERC research program has 
involved the development of a niobium-plated 
copper pipe suitable for use as a superconductor 
in an ac application. The initial research results 
offered sufficient promise that the contractor 
proposed an $8 million program of further de- 
velopment to refine earlier work. This concept 
appears capable of providing a means for trans- 
mitting as much as 10,000 megavolt amperes per 
circuit at 345 kilovolts if technical problems, 
such as proving the suitability of liquid helium 
as a cable insulating medium at higher transmis- 
sion voltages, can be solved. Further develop- 
mental work might make utility application pos- 
sible sometime in the 1980's. 

The fact that known superconducting materi- 
als require liquid helium. temperatures (below 
—450°F.) to maintain a superconducting state 
has led to efforts to develop materials with 
superconducting states at higher temperature. 
This would afford a large reduction in cost 
through reduced refrigeration requirements. 


Aside from the problems associated with su- 
perconducting cables themselves, cables of such 
high capacity will introduce other important 
system problems, such as development of high- 
capacity terminal equipment and provisions for 
reserve capacity in the event that a cable is out 
of service. 

As discussed later in more detail, several man- 
ufacturers and utilities are involved in high- 
voltage dc research. It has been suggested that 
HVdc and cryogenic cable systems may repre- 
sent an ideal combination for underground in- 
stallations in congested metropolitan areas and 
other locations where underground installation 
is required. 

Efforts have been made to develop extruded 
dielectric insulation, but elimination of voids in 
the insulating material has proved difficult. Be- 
cause of this problem, another part of the ERC 
program is aimed at developing a polymeric 
paper with good dielectric properties. Such a 
synthetic paper could be applied with the same 
machines that have been used in the manufac- 
ture of cellulose paper-insulated cables. One ex- 
perimental program has involved synthetic pa- 
pers impregnated with cryogenic fluids to 
produce a flexible cable assembly for installa- 
tion in a pipe filled with liquid nitrogen. 

The overall results of research efforts seem to 
offer promising opportunities for reducing the 
cost of underground transmission. Before some 
of the types of cable mentioned will become 
available for general use by the industry, much 
development work will be required to assure re- 
liable, safe, and economical installation and op- 


Figure 21.2—An experimental length of cryogenic cable, 
developed by the Simplex Wire and Cable Company, 
undergoing high-voltage tests. 
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eration. Refrigeration and pumping equipment 
for cryogenic installations may require special 
R & D efforts. Installation and operating proce- 
dures for future high capacity underground 
cable systems must also be developed along with 
the equipment and facilities. 

In view of the large electric power loads fore- 
cast for the future, the rapidly growing need for 
underground facilities in many areas, and the 
need for lower costs, the R & D effort presently 
devoted to underground transmission may be 
too small. Past R & D work has been supported 
largely by electric utilities and cable and equip- 
ment manufacturers. However, manufacturers 
do not have as much economic incentive to as- 
sist in this program as for many other research 
programs because the likelihood of achieving a 
breakthrough is more remote, thus reducing the 
prospect of early returns on investments. An ad- 
equate research program would require greater 
cooperation and financial participation by utili- 
ties, manufacturers, and Government. Without 
new developments, the choices for future trans- 
mission line locations, and thus for generating 
plant sites will surely be limited. 


Ultra-High-Voltage Alternating 
Current Systems 


Research and development work is now being 
carried out both in the United States and in 
some foreign countries on _ ultra-high-voltage 
(UHV) levels which some predict will be 
needed for overhead transmission systems within 
as few as 10 years. Although no specific nominal 
value for the next step above 765 kilovolts has 
been selected, and some experts have warned 
against premature selection of such a level, the 
studies now under way revolve primarily around 
two nominal values—1,000 kilovolts and 1,500 
kilovolts. The Electric Research Council’s 1970 
program for UHV research totalled about $4.5 
million, not counting the financial support of 
the manufacturers involved. Much of the experi- 
mental work is being done at the General Elec- 
tric Company’s UHV Facility near Pittsfield, 
Massachusetts. Studies cover equipment hard- 
ware designs, conductor handling and configura- 
tion, insulation and switching surge problems, 
and phenomena reiating to arc behavior at the 
higher voltage levels. 

The American Electric Power Company, 
ASEA (Allmanna Svenska Elektriska Aktie- 


volaget) , and the Ohio Brass Company are also 
engaged in a joint effort to develop suitable 
equipment for UHV application. 

Up to about the 765 kilovolt levels, insulation 
arrangements required to withstand lightning 
potentials, together with suitable shunt reactors, 
are generally adequate for switching surge and 
insulator contamination problems. These latter 
may become primary concerns, however, at the 
higher operating voltages anticipated for the 
future. 

To reach the 1,000 to 1,500-kilovolts nominal 
levels, satisfactory ways must be found to limit 
surge potentials to, perhaps, 1.5 times the nomi- 
nal operating voltage. Various arrangements of 
circuit switching equipment and other means of 
limiting surge crests are being studied. 

Salt, industrial by-products, and other atmos- 
pheric contaminants can greatly reduce the insu- 
lating strength of exposed equipment. The addi- 
tion of insulator elements and use of special 
designs with increased creep distances may not 


Figure 21.3—Experimental ultra-high voltage bus equip- 
ment, located at General Electric Company’s Project 
UHV Facility is used for studies of ac transmission 
problems. 
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offer a complete solution of the problem for 
future UHV equipment. Contamination is seen 
as one of the dominant factors which may deter- 
mine design as voltage levels increase into the 
UHV range. 

More work is needed to establish the practical 
limits imposed by air as an insulating medium 
and by other factors affecting maximum feasible 
transmission voltage levels for the future. 

Also, investigations are in progress to deter- 
mine the adverse effects on substation equip- 
ment of spurious currents such as those result- 
ing from solar magnetic disturbances. While 
these currents have not caused serious difficulties 
with present HV and EHV equipment, the 
problem is expected to be more severe at higher 
voltage levels. 


High-Voltage Direct Current Transmission 


Research and development of high-voltage di- 
rect current (HVdc) for power transmission 
and for other special purposes has had the sup- 
port of some manufacturers and utilities, partic- 
ularly during the last several years. Recent sit- 
ing problems, particularly in metropolitan areas, 
have focused more attention on HVdc as a po- 
tential means of circumventing some of the 
problems associated with ac installations. 

Although a number of HVdc lines are in serv- 
ice, there are great needs for additional research 
on terminal equipment to reduce both cost and 
space requirements. An important application 
foreseen for dc is the underground delivery of 
power to the downtown areas of large cities, but 
the dc terminal designs now available require 
more land area than is generally available 
downtown. Other research work in progress is 
designed to determine the corrosive effects on 
underground metallic structures, and this work 
should be expanded to include large scale effects 
in congested metropolitan areas. 


Environmental and Esthetic Considerations 


One of the environmental aspects of overhead 
transmission is the problem of radio and televi- 
sion interference at the higher transmission volt- 
ages. Audible noise could also present a diffi- 
cult problem for the higher voltage lines of the 
future. 

Conductor bundling with more conductors 
per bundle than presently used may be required 
for UHV lines to reduce corona discharges and 


resulting electrical losses and interference prob- 
lems. Practical and economic corona-free equip- 
ment for the future offers a substantial design 
challenge. 

Problems of induced voltages and buildup of 
electrostatic charges on metallic objects in the 
vicinity of power lines become more _ pro- 
nounced at UHV levels, and could present stub- 
born problems with future installations. A 
CIGRE (International Conference on Large 
Electric Systems) group is compiling data on 
limiting conditions involved with UHV trans- 
mission lines. 

Undergrounding of power facilities is often 
considered to be the solution to environmental 
problems associated with surface and overhead 
installations. Although underground _installa- 
tions may provide acceptable answers to some 
appearance problems, they may create new prob- 
lems such as those stemming from soil instabil- 
ity, erosion, and heat dissipation, and the dis- 
turbance of road and other rights-of-way which 
necessarily accompanies any cross-country under- 
ground construction. 

Considerable effort has been devoted to the 
design of more artistic and graceful structures 
for both substations and transmission lines, and 
color treatment and area landscaping have been 
used effectively in making power facilities less 
obtrusive. Further efforts in these directions are 


Figure 21.4—New design of a 230-kV transmission tower 
by Pacific Gas and Electric Company. 
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expected. In addition, the development of new 
insulation systems might simplify some problems 
of esthetic acceptability for future transmission 
facilities. 


Conductor vibration and spacer requirements 
for the multiple conductor bundles necessary for 
UHV lines are other appropriate areas for ex- 
tensive research and study. Problems associated 
with higher cable tensions could influence both 
tower designs and right-of-way widths. 


Generation 


Research expenditures for nuclear reactors 
and associated power plant equipment have in 
recent years overshadowed expenditures for any 
other phase of R & D activity related to gener- 
ating facilities. Although the investor-owned 
utilities, TVA, and several REA cooperatives 
had committed through the end of 1970 nearly 
$15 billion to nuclear power plant construction, 
a very large part of the total R & D effort, in- 
cluding experimental projects, was financed 
with Federal funds. 


Apart from nuclear R & D, there are many 
opportunities for further improvement in gener- 
ating plants, including improvement of steam 
facilities (fossil as well as nuclear) , better plant 
siting practices, the development of materials to 
better withstand higher temperatures and pres- 
sures, improved flame detection for coal-fired 
units, improved water treatment, better controls 
and control techniques, new hydroelectric de- 
signs, possible new methods of generation, im- 
proved fuels, and ways of solving ecological and 
other environmental problems. ‘These and other 
areas for R & D are discussed later in this chap- 
Cer: 


Plant Siting 


Today’s difficulties in finding suitable and ac- 
ceptable sites for generating plants emphasize 
the importance of new plant siting concepts and 
siting arrangements, which may vary signifi- 
cantly from common practices of the past. Re- 
search to identify the best locations for gen- 
erating plants should be expanded and 
intensified. Factors to be considered include the 
appearance, location, and visual appeal of struc- 
tures, as well as air pollution, thermal effects, 
noise, and land use for fuel storage and ash dis- 
posal. High priority should be given to a sys- 
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tematic analysis of such factors, along with engi- 
neering requirements. Some of the possibilities 
for constructive research are: 

1. Undergrounding of nuclear plants. 

2. Use of offshore man-made islands or 
floating platforms for large steam-elec- 
tric plants to solve some of the trouble- 
some problems of land availability, es- 
thetics, air pollution, and cooling water 
availability. 

3. Underground reservoirs, in combination 
with lakes or oceans as upper reservoirs, 
for pumped storage projects. 

4. New studies involving geology, seismol- 
ogy, rock mechanics, and soil dynamics 
to provide better basic data for new sit- 
ing concepts. 

The National Academy of Engineering, 
through its Committee on Power Plant Siting, 
has undertaken a program to develop a basis for 
optimizing power plant siting. The electric util- 
ity industry has joined with the National Sci- 
ence Foundation, the Atomic Energy Commis- 
sion, and others in providing the needed 
financial support. 


Nuclear Facilities 


The R & D effort to bring nuclear power to 
its present state has involved comprehensive ac- 
tivity and investigation in the following areas: 
physics; fuels and materials; fuel cycles, includ- 
ing processing, fabrication, and reprocessing; 
plant and core design; reactor system compo- 
nents; reactor system coolants; nuclear plant in- 
strumentation and control; safety; highly radio- 
active waste disposal; and other areas of tech- 
nology, including material development, which 
help assure safe, reliable, and economical nuclear 
plant operation. Utilities are also engaged in 
further development of analytical methods and 
computer programs for coordinating the several 
phases of nuclear power management. 


Past efforts have been directed primarily to 
the development of light water and gas-cooled 
reactors. It appears that the needed future re- 
search and development in this area will be car- 
ried on primarily by industry—manufacturers 
and _ utilities—rather than by the Atomic Energy 
Commission. The AEC will, however, continue 
work with respect to plant safety and improve- 
ments in fuel resource utilization. 
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The AEC, today, is focusing its attention on 
the breeder, and is asking the manufacturers 
and utilities to invest heavily in breeder reactor 
development. Fundamental to the planning and 
execution of its reactor development programs 
has been recognition of needs and responsibil- 
ities concerning the utilization of natural re- 
sources, the health and safety of the public, and 
the protection of the environment. A vigorous 
breeder reactor program is believed to be an es- 
sential element in meeting these responsibilities. 


There has been interest also in advanced con- 
verter and low gain breeder concepts because of 
their promise for greater economy and higher 
conversion ratios than obtained with current 
pressurized or boiling water reactor designs. 
The Federal effort has been narrowed to three 
approaches—the seed and blanket light water 
breeder concept, the molten salt breeder concept, 
and the high-temperature gas-cooled concept. 


The thorium-uranium 233 seed and blanket 
light water concept (LWBR) has an expected 
conversion or breeding ratio high enough to in- 
crease fuel utilization significantly beyond that 
of present reactors. The design is based on 
proven pressurized light water technology and, 
therefore, except for changes in the reactor core, 
may not require significant advances beyond 
present technology. 


The high-temperature gas-cooled reactor 
(HTGR) is a helium-cooled, graphite-moder- 
ated concept with a potential for lower costs 
and higher conversion ratios than present light- 
water designs. A 40 megawatt prototype gas- 
cooled reactor at the Peach Bottom Plant in 
southeastern Pennsylvania began operating in 
1967 and served as a forerunner to the 330 mega- 
watt HTGR being built near Platteville, Col- 
orado, for operation in 1972. 

Present indications are that the HTGR will 
have higher thermal efficiencies, probably in the 
order of 40 percent, compared to about 33 per- 
cent for light water reactors. Also, the HTGR is 
somewhat more efficient in its fuel utilization 
than present reactor systems, since it recovers 
about two percent of the energy contained in 
the naturally occurring reserves of uranium. If 
there are substantial delays in development of 
the breeder reactor, the HTGR has the poten- 
tial for reducing the effect of the delay on 
uranium utilization. 


The Breeder 


The fast breeder reactor offers the prospect of 
increasing the utilization of the energy con- 
tained in naturally occurring uranium, from the 
1 to 2 percent recovered by conventional light 
water reactors to something over 50 percent. 
The world energy needs for centuries to come 
will be assured if the fast breeder reactor is de- 
veloped and widely applied. Use of the breeder 
reactor for electric power production will also 
save equivalent supplies of fossil fuel resources 
which are limited and needed for other uses. 

The importance of the breeder’s fuel conser- 
vation is emphasized by the expectation that nu- 
clear-generated power is expected to grow from 
less than two percent of electric utility genera- 
tion in 1970 to an estimated 28 percent by 1980, 
and 49 percent by 1990. Another advantage of 
the breeder is its improved efficiency over con- 
ventional nuclears leading to a reduction of about 
one-third in a plants waste heat discharges to 
the environment. 

While both gas-cooled and liquid-metal-cooled 
fast breeders are being researched, the liquid 
metal fast breeder (LMFBR) appears to be the 
best candidate for commercial feasibility during 
the next several decades. The technical feasibil- 
ity of the LMFBR has been demonstrated by 
successful operation of a number of experimen- 
tal reactors in the United States and abroad. 
The AEC has supported an intensive LMFBR 
research and development program since about 
1966 and in FY 1970 AEC spent an estimated 
$122 million on this effort. In addition, the util- 
ities have contributed to fast breeder research, 
principally through their support of the Fermi 
plant and the SEFOR ® fast reactor at Fayette- 
ville, Arkansas. Utilities also are contributing to 
the fast breeder demonstration plant design 
studies of General Electric, Westinghouse, and 
Atomics International. Large research and devel- 
opment programs on the LMFBR are also " 
under way in Europe, Japan, and the USSR. 

The next step in the development of the 


3 Southwest Experimental Fast Oxide Reactor is being 
used to obtain physics and engineering data at various 
fuel compositions, temperatures, and crystalline states 
characteristic of power reactor operating conditions, The 
project is sponsored by 17 investor-owned electric power 
companies, General Electric Company, the Atomic Energy 
Commission, and the Karlsruhe Nuclear Research Center 
of West Germany. 
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Figure 21.5—The Southwest Experimental Fast Oxide 
Reactor (SEFOR) near Fayetteville, Arkansas. 


LMFBR is the construction of at least one, and 
preferably two, demonstration plants in the 300 
to 500 megawatt capacity range, which are 
needed to expand the base of technical knowl- 
edge, narrow technical and economic uncertain- 
ties, develop managerial and operational experi- 
ence, and provide for a viable and competitive 
LMFBR supply industry. Demonstration plants 
should show that fast breeders are safe, reliable, 
environmentally compatible, and have economic 
potential to produce electricity at a cost compet- 
itive with other forms of generation. 

To this end, AEC is proceeding with an 
LMFBR Demonstration Program, which has as 
its objective the construction by the utilities for 
at least one such demonstration plant, with the 
government and the utilities sharing in the 
costs. The program envisions that such a plant 
or plants would be operated by electric utilities 
as part of their systems. If successful, these 
plants should lead to large commercially feasible 
LMFBR’s by the late 1980’s. This program is 
estimated to cost about $2 billion. 

A group of 41 utilities from the United States 
are participating with Gulf General Atomic 
and others in a modestly funded research pro- 
gram aimed at continuing the development of 
the gas-cooled fast reactor (GCFR). Interest is 
also continuing in the development of the Mol- 
ten Salt Breeder Reactor (MSBR), a concept 
being developed at Oak Ridge National Labora- 
tory. This concept would use thorium as a fuel. 


It is believed that high priority should be 
given to construction of at least one LMFBR 
demonstration plant. There appears to be ade- 
quate technological development to assure suc- 
cess. Each demonstration plant is estimated to 
cost from $300-$600 million. Government and 
industry undoubtedly will need to share in the 
funding and economic risk. 

There are also government and industry views 
that the GCFR offers promise of success suffi- 
cient to justify more vigorous R & D effort di- 
rected to its earlier availability for power plant 
use. 


Fossil-Fueled Generation 


The most important research and develop- 
ment needs related to fossil-fueled generation 
are in the areas of air pollution and thermal 
effects upon water used for cooling purposes. 

A continuing need of coal-fired units is more 
reliable flame detection. Equipment for this 
purpose is relatively dependable and economical 
for gas and oil-fired steam generators, but in 
coal-fired applications detection problems are 
created by such things as difficulties in igniting 
coal, variations in the point of coal ignition, 
changes in coal characteristics, masking caused 
by coal particles, difficulties in detecting the 
flames of individual burners, slagging, and dirt 
deposits. 

The Generation Technical Advisory Commit- 
tee suggested a number of problem areas related 
to steam generation generally which may merit 
concerted effort toward new solutions and im- 
proved methods. Among the needs are: 


1. Development of better materials with 
particular emphasis on metals and the 
improvement of boiler tube materials 
for higher throttle temperatures. 

2. Solutions to problems in water treat- 
ment and oxygen contamination of in- 
ternal pre-boiler and steam generator 
unit components. 

3. Provision for greater operating flexibil- 
ity in large units. This problem becomes 
more pronounced as the large units, 
many of which will be nuclear, move up 
on the load curve from base load to the 
intermediate range where cyclic opera- 
tion will be required. 

4. Means of decreasing the damage to pres- 
sure reducing valves in start-up systems. 
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The relatively short life of once-through 
boiler start-up valve equipment as cur- 
rently designed could present real prob- 
lems in cyclic operation of steam gener- 
ating units. 

Research to gain a better understanding 
of the responses of steam generating 
equipment to automatic controls, as well 
as the development of improved control 
systems. 

Research and development of fast valv- 
ing and braking to provide more relia- 
ble and improved performance of gener- 
ating units with respect to transient 
stability and its relationship to system 
disturbances. 

Improvement in maintenance techniques 
and procedures, and in maintenance 
tools, rigging, and other such equip- 
ment. 

Better communications and closer coor- 
dination between utilities and manufac- 
turers in the development of new 
maintenance-free designs. 


Hydroelectric Plants 


Most of the more economical sites for conven- 
tional hydroelectric projects have been devel- 
oped. However, some new conventional develop- 
ments, expansion of existing installations, and 
many new pumped storage projects are expected 
to provide large amounts of new hydro capacity. 

The Generation Technical Advisory Commit- 
tee has suggested research and development 
could improve the efficiency and economy of hy- 
droelectric projects, with the following items 
listed for particular attention. 


te 


Larger turbines, generators, and assOci- 
ated facilities, all with high reliability. 
Improved methods of flood forecasting, 
and related study of the most desirable 
methods of increasing spill capacity of 
existing dams. 

Refined techniques for determining 
uplift pressures under gravity structures. 
Dam instrumentation with remote indi- 
cation for maximum safety of the pub- 
lic. 

Redevelopment of existing hydro plants 
for units of greater capability in existing 
settings. 

Improved wicket gate seal design. 


10. 


11. 


Wee 


Adaptation of slant shaft propeller units 
and bulb-type turbines for U.S. hydro- 
electric projects, including possible tidal 
installations. 

Downstream water quality improvement 
with upstream controls. 

Coordinated turbine and generator de- 
sign to provide closer-coupled, more 
compact units. 

Runner-blade coatings to eliminate ef- 
fects of cavitation on base metal, and 
protective coatings for underwater metal 
structures. 

Methods of air admission to turbines for 
cavitation control. 


Methods of underwater concrete struc- 
ture repair, including deep diving prac- 
tices, and methods of deep-water con- 
struction for tidal projects and off-shore 
thermal installations. 


Suggested areas for research and development 
related specifically to pumped storage develop- 
ments are: 


1. 
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Effects of rapid drawdown and ice action 
on earthen dams and dikes; and tem- 
perature gradients, water quality control, 
and aeration requirements and methods 
on water in rivers and reservoirs. 


Spillway requirements, for upper reser- 
voirs, reservoir level control, fish protec- 
tion needs and designs, and low flow 
augmentation requirements and methods. 


Seepage control and the effectiveness 
and durability of methods of sealing res- 
ervoirs. 

Vortex formation and suppression, load- 
ing and vibration of trash racks, and dis- 
position of trash accumulation. 


Flow conditions under high velocity at 
bends and expansions, and manifolded 
supply or discharge conduits. 


Rock mechanics and related effects on 
tunnel and liner design, underground 
powerhouses, the use of mechanical 
moles, and the possibility of increased 
use of unlined tunnels. 


Hydraulic transients, and wicket gate 
timing. 
Machine-caused pressure pulsations and 
vibrations, transient loading on bearings 


and on the electrical system, and meth- 
ods of damping. 

9. Development of reversible pump-tur- 
bines capable of operating at higher 
heads and with greater capacity, pos- 
sibly with integral valving arrangements, 
ring gates, divided draft tubes, and gov- 
ernor control, and possibly capable of 
field fabrication. 

10. Methods of starting from stand still, 
from spin mode, etc. and timing and 
contro] in various modes. 


Gas Turbines 


The unique characteristics of gas-turbine gen- 
erator units have given them a useful place on 
many systems, and many have been installed in 
recent years to provide emergency and peaking 
power. As system sizes increase, however, it is 
anticipated that gas-turbine units as large as 300 
megawatt will be needed. This may demand res- 
olution of some of the problems now limiting 
maximum size, or it may require combining 
gas-turbine units with other generating appara- 
tus. In addition, considerable R & D is needed 
to minimize maintenance costs which in some 
cases now appear to be excessive when com- 
pared with other methods of generation. Fi- 
nally, it is hoped that heat rates of 10,000 Btu 
per kilowatt-hour or better can eventually be 
attained. 

The use of less expensive fuels has been pro- 
posed for gas turbines for more than 20 years 
with little apparent progress. Improvements in 
this area would, of course, increase the attrac- 
tiveness of gas turbines for electric utility appli- 
cation. 

A few experimental installations of combined 
gas turbines and steam cycles have been made, 
but none has demonstrated significant overall 
economic or operating advantages over conven- 
tional steam-electric power plants. 

Steam and water injection in a gas-turbine 
cycle provides potential for development if re- 
strictions on use of water can be avoided in the 
location of power plants or accommodated in 
the design of future installations, and if prob- 
lems associated with water purity can be resolved. 

The use of gas turbines utilizing the output 
of gas-cooled nuclear reactors is receiving in- 
creasing attention, and may offer a potential for 
future gas-turbine applications. 


Many gas-turbine installations have provisions 
for remote starting and loading and almost un- 
attended operation. Starting reliability has been 
fairly high, but dependence on this type of unit 
for emergency service has presented some risk, 
because failure of a unit to start, for example, 
is a problem that usually cannot be resolved 
remotely. 


Audible noise has sometimes been a deterrent 
to installation of gas-turbines in some locations 
and could become a greater problem with in- 
creasing unit sizes. Muffling and other noise sup- 
pression measures have been relatively effective, 
but further improvement would be helpful for 
future equipment of this type. 


Current needs, some of which are subjects of 
present research and development efforts in the 
gas-turbine field, include the following principal 
areas: 


1. Improvements in materials—particularly 
in high-temperature, high-strength, cor- 
rosion-resistant alloys. 

2. Improvements in combustion chamber 
design to increase combustion efficiency, 
afford better temperature control, and 
minimize air pollution. 


3. Improvements in air intake and exhaust 
designs to reduce noise levels and mini- 
mize pressure losses. 


4. Improvements in overall design to in- 
crease unit output. 


5. Upgrading of control and monitoring 
systems to increase automation and im- 
prove operation. 


6. Combination of gas-turbine and steam 
cycles. 

7. Development of methods of burning 
heavy distillate oils that are low in sul- 
fur and metallic substances. 

8. Development of higher capacity units. 


Diesel Plants 


The ability of diesel units to assume full load 
within about one to three minutes from a cold 
start makes them one of the most quickly avail- 
able of all prime movers in use by utilities 
today. This is a significant advantage, but many 
systems need higher capacity diesel units than 
those now available to satisfactorily meet their 
peaking and emergency services requirements. 
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Possible New Methods of Power Generation 


The new concepts of power generation that 
have received the most serious consideration are 
magnetohydrodynamics (MHD), fuel cells, ther- 
mo-electrics, electrogasdynamics, thermionics, 
geothermal systems, controlled thermonuclear 
fusion, and solar energy conversion. Descriptions 
of these possible methods of generation are given 
in chapter 9. 


Although the feasibility of small-scale MHD 
power generation has been amply demonstrated, 
extrapolation to even prototype central station 
power plants appears to pose a number of diffi- 
cult engineering problems needing extensive re- 
search. An MHD arrangement which could be 
used with a nuclear fuel source requires an ex- 
tremely sophisticated reactor and appears to be 
far into the future. Although some backers of 
chemically fueled MHD experimental work are 
enthusiastic about its application to utility 
power plants, the Generation Advisory Commit- 
tee is less optimistic about its development for 
practical and economical utility use. 


The Office of Science and Technology in 1969 
recommended to the Executive Office of the 
President that the Government encourage further 
investigation of the coal-burning, open-cycle, gas 
MHD system. It recommended proceeding with 
a research and development program directed 
toward solving some of the problems of such sys- 
tems as a prelude to proceeding with a full-scale 
prototype MHD demonstration system. It fur- 
ther recommended a program structure such 
that the power industry and suppliers would 
contribute financial support approximately 
equal to an annual Federal Government contri- 
bution of about $2 million over a three-year pe- 
riod. The promise of improved efficiency in fos- 
sil-fuel combustion warrants an expansion of 
research in MHD. Some industry representatives 
believe that study of liquid metal MHD should 
be carried on simultaneously with the plasma 
MHD programs. 


Considerable interest has been shown in fuel 
cells for industrial’and residential use. The fuel 
cell’s freedom from moving parts, its freedom 
from the Carnot efficiency limitation, and _ its 
minimal effect on the environment make it at- 
tractive. If current efforts to develop fuel cells 
for industrial and residential use are successful, 
and if an adequate supply of natural gas or 


other adequately processed fossil fuel is avail- 
able at a competitive price, fuel cells could 
make dramatic changes in the electric power in- 
dustry. Information concerning the present tech- 
nology and ongoing research and development 
programs appears in chapter 9. 

The electrogasdynamic (EGD) process in- 
volves severe insulation problems because of 
high gas temperatures combined with extremely 
high voltages. The present outlook for develop- 
ment of a practical EGD generator for electric 
utility use does not seem promising enough to 
justify major research effort in the immediate 
future. 

Thermoelectric devices are used rather exten- 
sively for small, isolated, and portable power 
sources. The generators appear to be limited to 
about 10 percent efficiency, however, and their 
use for central power stations is so unlikely that 
extensive research by the power industry does 
not appear to be warranted. 

The development of thermionic generators 
suitable for power plant application involves 
unfulfilled requirements for satisfactory mate- 
rials to serve as high temperature emitters for 
high power thermionic devices, close tolerance 
fabrication, and suitable electrical insulators. 

In the United States modest expansion in the 
limited use of natural steam from geothermal 
sources to drive turbines for power generation is 
planned. However, there are other geothermal 
possibilities which appear to merit further R & D. 
One involves the use of nuclear explosives to 
form cavities in hot rock formations which 
could be used to produce superheated steam for 
power plant use. Another involves a thermal 
conversion process, known as Magmamax, which 
utilizes medium-temperature hot water from 
geothermal wells to flash isobutane in a heat ex- 
changer for propulsion of a gas expansion tur- 
bine. Successful development could lead to the 
use of many geothermal areas now considered - 
marginal because of their low temperatures. 

In the long run, thermonuclear fusion pre- 
sents very attractive possibilities. The Atomic 
Energy Commission, as well as a group of inves- 
tor-owned electric utilities, are supporting long- 
range research programs aimed at controlling 
such reactions for the production of electric 
power. The accomplishment of this goal has 
been described as one of the greatest scientific 
and engineering challenges of our time. From 
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the present work, which is directed primarily to 
a demonstration of the feasibility of sustaining a 
controlled thermonuclear reaction, the research 
projects look far ahead to the design of a con- 
tainment structure which can successfully with- 
stand the extremely high temperatures and con- 
trol the nuclear radiation associated with 
plasma at several hundred million degrees Cen- 
tigrade, drawing heavily on cryogenic technol- 
ogy to achieve the high field strengths required. 
Electric energy may be taken directly as dc by 
collecting charged particles released from the 
containment, or by generation in a more con- 
ventional cycle using the heat released to make 
steam. In addition to the plasma physics tech- 
nology which must be developed, there are nu- 
merous engineering and applications problems 
to be solved. 


Figure 21.6—New methods of confining deuterium gas at the u 


We support continued research in this area 
and recognize its potential and importance as a 
virtually inexhaustible energy source for the 
long-range future. 

Solar energy conversion systems are often sug- 
gested, but none has yet been developed as a 
practical source of bulk power. The amount of 
energy available makes it an attractive power 
source, and it may be harnessed, through ther- 
mal conversion for limited commercial use 
within 10 years. 


Fuels and Fuel Transportation for 
Power Plants 


Many of the problems concerning fuels for 
the Nation’s power plants are those of pollution 
and other environmental effects, and any discus- 
sions of fuel and the environment are somewhat 


ltra-high temperatures needed for thermonuclear fusion 


power generation are being sought in this experiment of the University of Texas at Austin. 
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difficult to separate. Nevertheless, this section is 
intended to discuss research and development 
pertaining to fuel only. Environmental consid- 
erations, although closely related in some in- 
stances, will be discussed in a later section of 
the chapter. 


Coal 


Coal is expected to continue as a major fuel 
for electric utilities throughout the foreseeable 
future. Although its use as a percentage of total 
fuel requirements of electric generating plants is 
expected to decrease, its overall use in tons will 
increase. Therefore, in view of present environ- 
mental concerns, the need for coal treatment to 
enhance its quality, modify its form or other- 
wise improve it for use as a power plant fuel is 
greater than ever. 

Some research to reduce the sulfur content of 
coal, such as research on solvent refining and 
coal gasification, is under way. It should be con- 
tinued vigorously and expanded. Since much of 
the Nation’s coal supply is high in sulfur, an 
economical means of reducing sulfur content is 
an extremely desirable and important objective. 

The research efforts to develop an economi- 
cally feasible method of producing pipeline 
quality gas from coal have been in progress for 
a number of years. Sponsored by the Office of 
Coal Research and the American Gas Associa- 
tion, a pilot plant, capable of processing 75 tons 
of coal per day to produce 1.5 million cubic feet 
-of pipeline quality gas, was completed in the 
fall of 1970. The successful development of via- 
ble coal gasification technology could be valua- 
ble, not only in increasing the availability of 
clean power plant fuel, but also to facilitate its 
transportation from coal fields to points of use. 
If the underground transformation of coal to 
the gaseous state should prove practical it could 
reduce mining operations and their attendant 
land disturbance problems. 

Washing and other methods of coal cleaning 
have also been the subjects of research efforts to 
make it a more pollution-free fuel. Development 
of methods for the economical removal of py- 
ritic sulfur and non-combustible matter is needed, 
and continued efforts are warranted. 

Solvent refined coal is the product of a process 
that dissolves raw coal in a solvent, separates the 
ash from the coal by filtration, and reconstitutes 
the coal from the solvent. The reconstituted coal 


is free of water, low in sulfur, very low in ash, 
and sufficiently low in melting point that it can 
be handled as a fluid if desired. In its solid state 
it is brittle and readily ground into a fine pow- 
der. Its heat content is elevated over that of coal 
to a uniform value of 16,000 Btu per pound, 
regardless of the original coal from which it was 
processed. Its unique characteristics make it at- 
tractive as a boiler fuel consistent with expected 
air pollution restrictions on the emission of sul- 
fur and particulate matter in many areas. The 
potentials of the process suggest that pertinent 
R & D should be increased. 

Unit train arrangements, pipeline slurry fa- 
cilities, and other means of conveyance have 
been used to satisfy some of the ever-increasing 
coal transportation needs. However, with in- 
creasing coal requirements and more congestion 
in areas of high population density and in- 
dustrial concentration, transportation is still a 
growing problem which merits accelerated study 
to provide satisfactory solutions. 

Mining methods and techniques, mine safety, 
land restoration procedures, and related new 
equipment development appear to be appropri- 
ate areas for increased R & D study. 

Oil 

Much of the world’s supply of petroleum has 
a high sulfur content and, therefore, presents 
some of the same problems encountered with 
high sulfur coal. The refining industry has de- 
veloped a technology for removing much of the 
sulfur from residual fuel oil, but more economi- 
cal hydrodesulfurization processes are needed. 

Because it could not be moved economically 
by pipeline over long distances, past use of re- 
sidual oil for electric power generation has gen- 
erally been limited to areas near petroleum 
refineries or accessible to low cost water trans- 
portation. Practical and economical means of 
providing transportation to inland areas would 
make residual oil available to many more electric 
utilities. 

Some attention has also been given to crude 
oil for use as a boiler fuel. Again, with respect 
to much of the world’s supply, there is the prob- 
lem of high sulfur content. In addition, there 
are often special handling problems associated 
with crude oil because of its highly volatile com- 
ponents. These increase the risk of explosion 
and fire. Nevertheless, there may well be situa- 
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tions in which crude oil would make a desirable 
boiler fuel. ‘Therefore, continued work by those 
interested in adapting it to such use is merited. 
Because of the projected large increase in de- 
mand for liquid fuels in the years ahead, there 
has been growing interest by government and 
industry in oil-shale resources to supplement 
crude petroleum reserves. Oil-shale resources of 
the United States are extensive. ‘Therefore, in 
view of the limited availability of other energy 
resources and the increasing use of energy, re- 
search is needed to identify the best methods for 
long-range development of oil-shale deposits. 


Natural Gas 


Natural gas, because of its cleanliness, and 
ease of transmission, and because it does not re- 
quire complicated and expensive handling facili- 
ties, is a highly desirable fuel for power plant 
use. Except by reason of cost competition from 
other fuels, the use of gas for boiler fuel is lim- 
ited largely by its unavailability, particularly in 
some locations and at certain times of the year 
when it is in high demand for space heating 
and other seasonal uses. 

Results of the initial experiments using con- 
tained nuclear explosions to enhance the recov- 
ery of natural gas from low-permeability gas for- 
mations are encouraging. Although evaluation 
of two such projects, Gasbuggy and Rulison, 
may not be completed for some time, present 
information indicates sufficient success to justify 
continued research in this area. 

Liquefaction of natural gas has recently be- 
come more prominent. The process was first 
used as a relatively convenient means of natural 
gas storage to supplement volumes of peak gas 
available at times of from traditional sources in 
particular areas, but recent trends have sug- 
gested the probability of much wider use of liq- 
uefied natural gas (LNG) in the future. There 
are possible problems, however, and some con- 
cerns about safety. Although transporters of 
LNG have excellent safety records, little is 
known about the behavior of LNG in the event 
of large spills. More research would be valuable 
in establishing the behavior of LNG in the event 
of spills. 

It has been suggested that the heat absorption 
accompanying the change of LNG from the liq- 
uid to the gaseous state might be utilized advan- 
tageously in a generating plant to cool 


condenser discharge water, thereby reducing 
thermal effects on natural water bodies. 


Nuclear Fuels 


The manufacture of nuclear fuel for light 
water reactors involves the conventional steps of 
mining and milling uranium, and refining, en- 
riching, and fabricating the fuel before it is 
placed in the reactor for energy production, and 
reprocessing the fuel after energy production to 
recover unused fuel. These operations provide a 
broad scope for R & D efforts. 

The fuel material handling and processing re- 
quirements of light water reactors using ura- 
nium are relatively well established. However, 
there are ongoing R & D efforts directed toward 
improved fuel design (particularly improved 
performance of cladding and increased burn- 
up), better spent fuel shipping techniques, the 
reduction of by-products in the spent fuel proc- 
essing step, and improved ways of handling and 
storing fuel wastes. 

An important area of R & D is the develop- 
ment of a way to use fissile plutonium as a sub- 
stitute for uranium in light water reactors. In 
addition to the anticipated need for plutonium 
recycle with the present generation of reactors, 
it would appear to become even more important 
if development of the breeder reactor is delayed 
beyond present expectations. 

R & D efforts required in the development of 
the Liquid Metal Fast Breeder are extensive. 
Key areas include research to ascertain the ef- 
fects of fuel cladding irradiation, characteri- 
zation of both oxide and mixed carbide fuels, 
and accumulation of physics data to improve so- 
dium void and Doppler coefficient calculations. 
Other related areas include development of reli- 
able and accurate instrumentation and reproc- 
essing techniques. 

Another possible nuclear fuel is thorium. 
However, unlike natural uranium, thorium has 
no fissile isotopes. Therefore, the initial fuel in- 
ventory and any makeup fuel required to sus- 
tain the operation of thorium cycle reactors will 
depend upon supplemental fissile material. ‘Vhe 
recycle of fissile material (U-233) produced in 
the thorium cycle poses some difficult problems. 
The research and development efforts necessary 
to insure the economic use of thorium span the 
whole field of reactor technology. If the applica- 
tion of thorium fuels becomes more widespread, 
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additional research and development will be re- 
quired not only for reactor construction and op- 
eration, but also for fuel reprocessing and fuel 
refabrication. 


Environmental Considerations 


The electric power industry has for many 
years recognized the need to minimize pollution 
and other adverse environmental effects of 
power facilities, and has exercised various con- 
trol measures. These measures are being greatly 
expanded, however, to meet the increasing de- 
mands of the public and governmental agencies 
concerned with environmental quality. 


Air Pollution 
Particulate Matter 


There has been continuing development of 
equipment to remove particulate matter from 
stack gases, and highly efficient devices are now 
regularly used in modern plants for particulate 
control. Despite the progress which has been 
made, however, there is need for research to fur- 
ther improve the efficiency, reliability, and long- 
term performance of electrostatic precipitators 
and to develop methods for performing mainte- 
nance without waiting for unit outage. There is 
also a need for research on filters and scrubber 
systems for fly ash removal as possible alterna- 
tives to electrostatic precipitators. 

Neither a precipitator nor any other removal 
process will be able to operate satisfactorily un- 
less a reliable and effective method exists for 
handling and disposing of the fly ash after it is 
collected. As an adjunct to programs for fly ash 
removal and handling, many efforts have been 
devoted to the development of its economic use. 
As a result, fly ash is used as an additive in 
mixes of concrete and asphalt, and fused gran- 
ules from wet-bottom furnaces are used in coat- 
ing roofing shingles, but the supplies will exceed 
demand unless other uses are found. 


Sulfur 


During the past several years, considerable 
effort has been devoted to the development of 
practical means of removing sulfur pollutants 
(particularly sulfur dioxide) from stack gases. 
Several prototype installations have been put 
into service, but so far none have provided a 
completely satisfactory answer to the problem. 
Simpler and less costly means of accomplishing 


the pollutant removal are needed. Other ap- 
proaches are under investigation and new dem- 
onstration facilities are under construction. 
While the Office of Air Programs—EPA, for- 
merly the National Air Pollution Control Ad- 
ministration, has sponsored many of the major 
research projects in this area, some individual 
utilities and industry groups have more recently 
increased their participation markedly and are 
now sponsoring significant research and develop- 
ment programs. Industry group efforts include a 
multi-million dollar joint project of the Electric 
Research Council and the National Coal Asso- 
ciation. 

Similarly, some work has been done concern- 
ing the removal of sulfur from fuel before 
combustion. This includes research on fuel gasi- 
fication processes. For example, interest has 
been expressed in a concept utilizing both pipe- 
line gas technology and combined gas and steam 
turbine technology. The concept involves a fuel 
gasification and desulfurization process similar 
to a pipeline gas process, but without the meth- 
anation and possibly using air rather than oxy- 
gen. The objective would be to produce a high 
pressure, low Btu gas suitable for gas turbine 
fuel. The process would result in essentially 
complete sulfur and particulate removal, would 
greatly reduce thermal pollution relative to a 
conventional steam cycle, and would offer possi- 
bilities for nitrogen oxide control. Such a com- 
bined gas-steam pilot plant (170 megawatts.) is 
under construction in West Germany. 


Nitrogen Oxides 


Nitrogen oxides produced by power plants are 
primarily the products of reactions between the 
oxygen and nitrogen in the air that supports the 
combustion of fossil fuels. The quantities pro- 
duced are primarily a function of furnace tem- 
peratures and quantities of air introduced to 
maintain efficient combustion. Satisfactory tech- 
nology for the removal of nitrogen oxides from 
power plant flue gases is not available. Some 
R & D is under way but a more intensified effort 
is needed to assure compliance with the stringent 
air quality standards which are being enacted. 
At present, control of nitrogen oxide emissions 
is accomplished by limiting the formation of the 
oxides in the furnace through modification of 
the combustion process. Such modifications fre- 
quently lead to reduced boiler efficiencies. 
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Radioactive Releases 


Measures to assure reduced release of radioac- 
tive materials into the atmosphere at both fossil 
and nuclear fueled plants are being demanded. 
The control of gaseous radioactive material at 
nuclear plants is discussed further in chapter 6. 


Although not limited to air pollution which 
is the general subject of this section of the chap- 
ter, a problem of major significance is the re- 
lease of waste radioactive materials in the proc- 
essing of spent nuclear fuels. In addition to any 
releases into the atmosphere, there are the radio- 
active liquids and solids which present problems. 


General 


Aside from the work devoted to reducing or 
eliminating known air pollutants, it has been 
suggested that research effort be directed to im- 
proved means of identifying all undesirable pol- 
lutants and their sources, and predicting pollu- 
tant concentrations. 


There is also a need for better techniques of 
measuring the concentration of submicron and 
larger particles in flue gases, and research to 
meet this need is appropriate. 


In addition, little is known about the proba- 
bilities of undesirable physical and chemical re- 
actions due to the mixing of flue gases and 
water vapors which might occur where large 
steam plant stacks and cooling towers are in close 
proximity. Research on the associated environ- 
mental effects is warranted. In addition, studies 
of the effects of cooling tower plumes on disper- 
sion of power plant stack emissions are also 
needed. 


Water Ecology Studies 


Current research efforts on the ecological ef- 
fects of heated water and on means of dealing 
with related problems include studies by govern- 
ment agencies, universities, utilities, and consult- 
ants. A large number of extensive studies com- 
pleted or under way deal with such topics as 
the effects of: changes in water temperatures; 
thermal inputs on biological life; power plant 
operation on overall water quality of an es- 
tuary; changes in the ecological community 
structure as a result of increased water tempera- 
tures; heated water on oyster, shrimp, lobster, 
and catfish propagation and growth rates; and 
condenser water discharge in large lakes. Some 


of the studies involve changes over time and 
space and include extensive river systems. An 
example is the Connecticut Yankee study. It is 
now in the sixth year of a seven-year program 
designed to compare the ecology of the Connect- 
icut River before and after commercial opera- 
tion of a large nuclear power plant. The impor- 
tance of such studies cannot be overemphasized 
because of the value of estuarine areas as nurs- 
ery grounds for salt water shell and fin fish. 
Other examples of major ecological studies now 
in progress are those related to Lake Michigan. 

There is a need to determine more precisely 
the thermal ranges required by all important 
species of fish and other aquatic organisms, as 
well as the “biological” cost of progressively in- 
creasing temperatures. This would permit selec- 
tion of the temperature criteria necessary to pre- 
serve desired species. The information needed 
includes the maximum temperature at which 
normal body functions, including growth and 
reproduction, can occur; determination as to 
whether seasonal low temperatures are necessary 
to stimulate sexual activity and maturation of 
eggs and sperm; temperatures which will other- 
wise be unattractive (or attractive) to various 
species of fish; the effects of temperature on dis- 
ease in fish; the relation between temperature 
and competition and predation among food 
chain organisms; the effects of temperature 
changes on algal and bacterial growth; and the 
range of allowable temperature fluctuations. 
Such information should indicate how much of 
a river or reservoir area is pre-empted by the 
heated discharges of a particular plant from use 
by various species of aquatic life. 

Much useful information has been gained 
from studies already completed, but further 
studies are needed for a better understanding of 
the movement of heated water in reservoirs and 
streams so that the magnitude and extent of its 
effects can be determined. Data are needed on 
the time required for diffusion of heated water 
into a water body and on the upstream move- 
ment of heated water in flowing streams. Studies 
should be made on the effects of various types 
of channels on heat dissipation. Studies are 
needed on means of optimizing the use of mix- 
ing zones. Means should also be developed to 
make predictions concerning the stratification of 
heated water in reservoirs, including a determi- 
nation of the interface friction between a warm 
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water wedge and a lower layer of cold water. 
More precise data should be obtained on the 
effects of atmospheric conditions on evaporative 
and convective heat losses. The effect of tempera- 
ture rise on the sediment transporting capability 
of streams should be investigated. There should 
be further research to improve the ability to 
make water temperature predictions for use in 
determining the impact of heated water dis- 
charges. This requires improved procedures for 
utilizing local meteorological information in 
various parts of the country and less reliance on 
generalized coefficients. 


Cooling Water Systems 


Some recent steam-electric plant designs have 
used supplemental cooling or water diffusion 
systems to reduce the quantities or increase the 
mixing rate of heat rejected into natural bodies 
of water. More recently, concern has been ex- 
pressed about even very small changes in the 
temperature of streams and other natural water 
bodies. The combination of increased unit size 
and the stringent water quality standards being 
suggested makes it impossible in many instances 
to use conventional once-through cooling meth- 
ods with water subject to these standards. There 
is a pressing need for new methods and new ap- 
proaches to the dissipation of the heat in con- 
denser cooling water. It is hoped that some of 
the current Government and industry sponsored 
thermal pollution studies, such as the Heated 
Water Discharge Research Project of the Edison 
Electric Institute, will provide 
needed to protect water quality. 

Cooling towers are likely to be utilized in 
many new power plant installations. Therefore, 
their own unique effects on the environment 
must be investigated thoroughly, including the 
effects on nearby substations and transmission 
lines. With wet-type cooling towers, the major 
environmental concerns have usually been the 
effects on local weather of both massive heat dis- 
charges into the air and enormous quantities of 
water evaporated into the air at one point. As 
mentioned before, studies should be made to de- 
termine the interaction of this water vapor with 
other pollutants in the air. In addition, the 
studies should include the environmental effects 
of chemicals used in the water spray to control 
organic growth and in periodic blowdowns to 
remove soluble chemicals and other solid resi- 


the criteria 


dues left by evaporation. There should be inves- 
tigations concerning the use of brackish or other 
poor quality waters for cooling tower makeup 
supplies; if the results are favorable power plant 
siting could become more flexible. 

The characteristics of dry-type towers justify 
concerted R & D effort to produce designs and 
arrangements suitable for use with large scale 
power plants. While they, too, produce highly 
localized, massive heat discharges into the air, 
they do not result in the evaporation of large 
quantities of water. It has been suggested that 
design studies should be made of the generating 
plant and dry tower as a unit with considera- 
tion to cycle improvements and waste heat re- 
duction as integral objectives. Use of supple- 
mental sprays during adverse climatic conditions 
should be studied with a view toward reducing 
costs and minimizing tower sizes. Optimized 
heat transfer designs and arrangements should 
also be studied. Construction of a demonstration 
model at an early date is desirable. 

Aside from cooling towers, there are other 
heat disposal systems. Artificial cooling ponds 
are a notable example. They appear to cause 
the fewest adverse effects on the natural envi- 
ronment, and in many cases may offer distinct 
benefits to it. However, they require large land 
areas which are not always readily available. 
The effectiveness and desirability of using sup- 
plemental spray ponds at large plants where 
land is limited should be investigated. Still 
other heat disposal systems offer possibilities to 
make use of waste heat in industry, agriculture, 
and aquaculture. The relatively low tempera- 
ture of cooling water limits its adaptability to 
heat-transfer uses, but some potentials do exist. 
These include the use of waste heat for process 
or space heating and cooling, for improving the 
biological efficiency of sewage treatment plants, 
and for increased agricultural production. The 
use of reservoirs at hydroelectric plants offers a 
possible means of regulating river systems for 
improved water quality and dissipating waste 
heat produced by downstream steam-electric 
plants. Multi-level outlets in the reservoirs of 
such systems could be used to control the tem- 
perature of released water. 

Finally, radioactive discharge into the cooling 
water systems of nuclear power plants have been 
a highly controversial issue during the licensing 
procedures for several new plants, even though 
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radioactive releases to the cooling water at oper- 
ating nuclear plants have been, on the average, 
only a few percent of AEC limits, which were 
based on recommendations of the Federal Ra- 
diation Council, the National Council on Ra- 
diation Protection and Measurements, and the 
International Commission on Radiological Pro- 
tection, among others. On June 4, 1971, AEC is- 
sued a proposed rulemaking which sets forth 
proposed numerical guides to keep levels of ra- 
dioactivity in effluents to unrestricted areas as 
low as practicable. Under these guides, radioac- 
tivity released from light-water-cooled reactors 
would generally be less than five percent of av- 
erage exposures from natural background radia- 
tion. This level of exposure is about one per- 
cent of Federal radiation protection guides for 
individual members of the public. 


Power System Reliability 


There is no question that the power systems 
of the Nation provide reliable service, and that 
the average customer has electric power avail- 
able an extremely high percentage of the time. 
Despite this high average, however, some out- 
ages do occur, and since any are costly, and ex- 
tensive ones can be harmful in some respects, 
every effort must be made to minimize outages, 
their duration, and effects. 


One of the industry efforts toward meeting 
this objective is the Electric Research Council's 
current research project, “Improved Operational 
and Control Methods for Bulk Power System 
Security.” 


The results are expected to aid materially the 
operation and contro] of future power system 
networks and to provide a basis for still further 
development. 


The Electric Research Council project encom- 
passes six different areas of interest with six dif- 
ferent investigating groups. The areas of study 
are: (1) methods and means of on-line stability 
analysis of power systems; (2) feasibility and re- 
quirements of a combined analog-digital com- 
puting system for faster solution of power sys- 
tem transient stability problems; (3) system 
security assessment by simulation approach; (4) 
system security assessment by probability ap- 
proach; (5) effective equivalent representations 
of large interconnected system networks; and 
(6) a generalized approach for determining op- 


timal solutions to problems involving system se- 
curity and savings. The initial phase of this 
work is completed, including reports of the 
investigating groups. 

Better simulation models for predicting elec- 
tric phenomena could facilitate design of EHV 
and UHV systems for greater economy and reli- 
ability. Analytical means for predicting har- 
monic and total voltages during steady-state con- 
ditions would be an asset in designing future 
systems. Better mathematical representation of 
such variables as the nonlinear elements of a po- 
lyphase alternating current power system, un- 
transposed lines, and the possibilities of insula- 
tion breakdown during voltage surges could 
help solve many design and reliability problems 
associated with both normal and abnormal sys- 
tem conditions. The utilities, some educators 
and consultants, and electrical equipment manu- 
facturers are working to improve problem solu- 
tion methods and computational techniques, but 
better answers to many problems are still 
needed to provide for adequate analysis, system 
planning, and design of future power facilities. 
There is an overall need for improvement in re- 
lating transmission system planning to reliabil- 
ity of service. 

Some utility engineers have pointed out that 
as generating units become larger, the problems 
of stable system operation become greater and 
there are needs to investigate gains which might 
be possible through faster switching, ways of al- 
lowing brief asynchronous operation (such as 
the two-field machine) , more effective excitation 
control, and other related possibilities. 

A number of utility representatives have indi- 
cated that there is need for a high-power electri- 
cal apparatus testing facility in the United 
States. Such a facility would test the adequacy 
of design of power system apparatus. This 
would lead to more dependable performance of 
new equipment, and thus improve system relia- 
bility. At present, some utilities and equipment 
manufacturers utilize foreign laboratories for 
certain high-voltage and high-power testing of 
new equipment. Such a test facility has been 
proposed by the Electric Research Council for 
location near Grand Coulee Dam. Although 
financing of the proposed $35 million project 
has been a major obstacle, strong consideration 
of some means to provide adequate test facilities 
should continue. 
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Research and Development Priorities 

It would, of course, be impossible for the elec- 
tric power industry to pursue vigorously at one 
time all of the research and development pro- 
grams discussed and suggested in this chapter. 
Priority decisions must be made on a continuing 
basis. Changes in needs call for new priorities, 
and in the past few years such changes have 
occurred with increasing rapidity. 

It is apparent, therefore, that the electric util- 
ity industry—both individual utilities and util- 
ity groups—and governmental agencies must 
remain sensitive to trends in public concern and 
changing national goals, and be flexible so as to 
respond accordingly. To accomplish this, an 
ongoing forum for discussing, establishing, and 
updating industry priorities is needed. 

At the present time, the Electric Research 
Council has a task force at work to recommend 
a program of industry research and development 
for the next 30 years. It has asked major electric 
power organizations, as well as industry groups, 
committees, and technical forums for their views 
on the immediate and long-term research and 
development needs of the electric utility indus- 
try. Major electrical equipment manufacturers, 
scientists, engineers, university staffs, Federal 
agencies, and others have also been asked for 
their views in this matter. 

Another task force within the Electric Re- 
search Council is working toward establishment 
of a formal organization to administer the re- 
search and development program and to devise 
methods for obtaining the required funding. 
This administrative group would also be respon- 
sible, among other things, for reviewing electric 
research and development work to assure that a 
high degree of relevancy and cost effectiveness is 
maintained. 


Meeting the Research and Development 
Requirements of the Future 


Research and development related to the pro- 
duction, transmission, distribution, and sale of 
electric power will require much greater direct 
participation by the utility industry in the fu- 
ture than has been the case in the past. To 
maximize the effectiveness of such participation, 
all segments of the industry should coordinate 
their respective research and development ef- 
forts. A piecemeal approach in which each util- 


ity or group of utilities supports only its own fa- 
vored research and development projects will 
fall short of meeting the demands of the future. 


Institutional Framework 


There has been much discussion within the 
industry as to the best institutional framework 
for conducting a massive, coordinated research 
and development effort. There is general agree- 
ment that an industry research program should 
be directed by a continuing, non-profit, central- 
ized agency, administered by and representing 
all segments (investor-owned, cooperative, and 
government-owned, both Federal and non-fed- 
eral) of the industry, and possessing the ability 
to ensure that the total research effort will be of 
high quality, clearly relevant, broad, and thor- 
ough without duplication of effort. There are, 
of course, legal and policy questions, including 
questions of tax, patent, and antitrust law, the 
answers to which will dictate the precise form of 
the organization and the requirements that will 
attach to industry funds for research and devel- 
opment. It would be well for the industry to 
identify carefully these problems and agree at 
an early date to a policy framework for their 
specific solution. 


The centralized agency would be the recipient 
of a large share of the industry’s research and 
development funds and would be responsible 
for channeling them into projects approved by 
its board of directors. Its major functions should 
be as follows: 


1. Provide a continuing forum for identify- 
ing research and development needs and 
priorities, and formulating guidelines 
for industry participation, taking into 
consideration the industry’s future per- 
formance requirements, demands on nat- 
ural resources, and the environment. 

2. Translate these guidelines and priorities 
into detailed programs that could be 
pursued by appropriate entities, includ- 
ing the industry’s research organizations, 
government agencies, and other organi- 
zations created for this purpose by in- 
dustry or government. 


'3. Administer its own _ research and 
development programs. 
While there is substantial agreement with re- 


spect to functions of the research and develop- 


I-21-20 


ment organization, opinions are more diverse 
with regard to precisely how it should be estab- 
lished. One promising suggestion is to build an 
expanded organization on the framework of the 
Electric Research Council, possibly through in- 
corporation, to perform new functions and meet 
new goals. In any event, it would seem wise to 
take advantage, to the extent possible, of work- 
ing relationships already established within the 
Electric Research Council, which is widely 
viewed as the representative of both public and 
private segments of the industry on research and 
development matters. Nevertheless, some people 
believe an entirely new organization should be 
created to serve as the industry’s central agency 
to organize and conduct research and develop- 
ment work. 


Scope of Industry-Sponsored Research and 
Development 


In general, the electric utility industry should 
focus its attention on the development end of 
the research and development spectrum. Basic 
scientific research is probably best left to the 
government and the universities and, as a gen- 
eral rule, work aimed at translating the results 
of basic research into marketable products 
should probably remain with the manufacturers. 
In this way responsibility will be placed where 
incentives for quality and timely performance 
lie. There are, however, some programs such as 
the development of the fast breeder and fusion 
reactors where the magnitude and complexity of 
the programs are so great as to require joint 
participation of all segments of government and 
industry, to the fullest extent possible, for suc- 
cessful attainment of the research and develop- 
ment goals. 


Financing 


Another important question is the method by 
which research and development funds can best 
be made available on a continuing, coordinated 
basis. The Electric Research Council has a task 
force studying the problem. It is believed that 
expenditures by the electric utility industry 
should be increased to as much as $150 million 
to $200 million annually to finance needed re- 
search and development (not including R & D 
work on the liquid metal cooled fast breeder re- 
actor). This assumes a continuation of at least 


present levels of research and development ex- 
penditures by the Federal, state and local gov- 
ernments in areas of particular concern to them, 
and continuing substantial research and devel- 
opment expenditures by the electrical equip- 
ment manufacturers. It is important to stress 
that the proposed additional efforts by the 
utilities should be by an infusion of new dol- 
lars, and added utility contributions should not 
merely be a substitute for monies now being 
spent by government or manufacturers for 
research and development. 

It is also important that understandings be 
reached among the manufacturers, the utility in- 
dustry, and the government as to the kinds of 
research and development activities to be wholly 
or primarily within the sphere of each. Various 
Federal agencies, including the Office of Man- 
agement and Budget, the Environmental Protec- 
tion Agency, the Office of Science and Technol- 
ogy, the Deparment of the Interior, the Atomic 
Energy Commission, and the Federal Power 
Commission, should be concerned in the process 
of rationalizing the overall research and devel- 
opment effort in terms of national goals and 
priorities. 

There are a number of possible approaches to 
raising the money. One of the most promising 
may be coordinated industry-wide commitments 
to make the necessary annual funds available. 
Participating utilities would, for example, com- 
mit themselves to contribute an amount, based 
upon their kilowatt-hour sales, to the research 
and development organization. With widespread 
participation, a contribution rate of 0.1 mill per 
kilowatt-hour of sales would raise approximately 
the suggested amount. Participation by a utility 
would assure it access on equal terms with other 
members to the fruits of the research and devel- 
opment, including rights to full knowledge of 
the work done and royalty-free rights to any re- 
sulting patents. One way for a participating 
utility to raise money for its research and devel- 
opment contribution might be an add-on charge 
for kilowatt-hours sold, a charge which could 
take the form of a research and development 
rate rider. Any such funding method would, of 
course, require approval by appropriate regula- 
tory agencies. Support at the highest levels na- 
tionally would be necessary to make a voluntary 
funding plan work. 

Another, but perhaps less desirable, approach 
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to the raising of money for research and devel- 
opment might be a publicly imposed tax on 
electricity sales, perhaps at a uniform rate per 
kilowatt-hour on all kilowatt-hours sold. It has 
the twin virtues that: (1) every utility and util- 
ity customer would contribute on a uniform 
basis, and (2) the funds would be easily and 
readily collected. However, there are some who 
fear that government control of the tax revenues 
might open the door to use of some of the pro- 
ceeds for non-research programs, or at least 
might lead to research and development priori- 
ties and programs other than those which the 
industry feels are most pressing. If such a financ- 
ing program is undertaken, full use should be 
made of existing utility knowledge and exper- 
tise, regardless of the organization which may be 
made responsible for adminstering the research 
and development programs. 

Other possibilities for funding include volun- 
tary contributions by utilities and Congressional 
appropriations such as those received by the 
Atomic Energy Commission. Neither of these 


appears to represent as reliable a source for the 
needed funds as the others. 

As mentioned before, funding requirements 
for the breeder are not included in the $150 to 
$200 million annual research and development 
requirement which has been discussed. With 
breeder development itself expected to require 
in the neighborhood of $2 billion over the next 
decade or so, it appears that a separate financ- 
ing program for the breeder should be estab- 
lished. Moreover, the program described above 
for other research and development work would 
probably take some time to implement—time 
which the breeder program cannot afford to 
lose. 

Because of the massive funding requirement 
for the breeder it is certain that government 
and industry will have to share the burden, but 
the details of a specific financing program re- 
quire further study. In order for work on the 
breeder to proceed expeditiously, it is necessary 
for government and industry to reach agreement 
on a plan very soon. 
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MANAGING THE 
POWER SUPPLY AND THE ENVIRONMENT 


A Report to the 
Federal Power Commission 
by the 
Task Force on Environment 
July 1, 1971 
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Honorable John N. Nassikas 
Chairman 

Federal Power Comunission 
Washington, D.C, 20426 


Dear Chairman Nassikas: 


We are pleased to present herewith the report 
of your Task Force on the Environment. 

Since January 1970 the group has met a num- 
ber of times, reviewing the National Power Survey 
data and other materials from the Commission 
and from many other sources. The Task Force 
has tried conscientiously to recognize not only 
the environmental problems involved in the gen- 
eration and transmission of power, but also the 
quite obvious fact that some solution must be 
reached to resolve these problems if the necessary 
power is to be provided to the American people. 

Our purpose has been to examine and to 
characterize those considerations which the Task 
Force felt to be of major significance in finding 
the proper balance of public interests in this 
area. In so doing we have not endeavored to re- 
peat herein any detailed suggestions for siting of 
plants and transmission line rights-of-way as re- 
viewed. by others. 

This report represents a consensus of the 
Task Force. We are grateful to have had the op- 
portunity of looking into this matter. 


Sincerely, 
M. Frederik Smith, Chairman 
Joseph J. DiNunno Byron O. Lee, Jr. 
Dr. Rolf Eliassen Dr. John T. Middleton 
S. David Freeman Dr. Donald I. Mount 
Dr, Frank E. Gartrell Richard H. Stroud 


FOREWORD 


In January 1970 the Federal Power Commis- 
sion established a special Task Force on the En- 
vironment to assist in the preparation of the 
National Power Survey of 1970. This Task 
Force was asked to assess and report independ- 
ently to the Commission its views on the present 
and future environmental aspects of electric 
power supply in the United States. Following 
extensive reviews of the Power Survey materials 
and other pertinent studies, the Task Force pre- 
pared the following report of its views directed 
to the Commission. 

The Federal Power Commission is greatly ap- 
preciative of the probing effort and thoughtful 
analysis of the Task Force on Environment and 
commends these views to the full attention of its 
staff, to the electric power industry, those with 
official responsibilities in this area, to consumers 
of electric power and to all other concerned 
citizens. 


John N. Nassikas 
Chairman 


John A. Carver, Jr. 
Vice Chairman 


Albert B. Brooke, Jr. 
Commissioner 


Lawrence J. O’Connor, Jr. 
Commissioner 


Pinkney C. Walker 
Commissioner 


October 1, 1971 
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Introduction 


During the past few years, concern for the en- 
vironment has emerged as a major, if not a con- 
trolling, factor in the nation’s supply of energy. 

This relatively new environmental thrust has 
been fueled by the belated recognition. that we 
have paid dearly for our national devotion to 
energy availability and efficiency as basic sources 
of our national progress. The environmental 
price paid for our energy supply sometimes has 
been incalculably expensive: the careless strip 
mining of coal, the spillage of oil in the ocean 
and on beaches, the sometimes careless routing 
of pipelines through scenic areas, the neglect of 
measures to control the waste products of fossil 
fuel combustion, some of the end uses to which 
energy is put, and perhaps most obvious of all, 
the environmental impacts of electric power 
generation and distribution. 

Electrical power, the most universal energy 
form, has been promoted as a national policy. A 
compelling consideration in the past has been 
the need to deliver it at the least possible cost 
to the consumer, and this position also has been 
a national policy. It has been encouraged by the 
federal government, and enforced in most states 
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by Public Service regulating boards. It has been 
the essence of utility promotion, and progressive 
economies are expected by consumers. As a re- 
sult, generating plants traditionally have been 
built in convenient and economical places, in 
many cases without adequate thought for the 
environment. Plants often represented the ulti- 
‘mate in functional architecture: no nonsense, as 
little aesthetic design as feasible, as few extras as 
possible in the way of amenities. Often they 
were factories for cheap power, although some 
progressive companies considered design as long 
ago as two decades. Transmission lines normally 
ran over the land in the most direct path, often 
at the sacrifice of environmental assets, and the 
relatively few complaints went unnoticed, for 
this procedure contributed to cheap power, an 
objective set in an era when smokestacks were 
regarded as desirable evidences of prosperity 
and progress. 

In our time, we have seen commanding new 
social values arise, and among the most impor- 
tant of these is a new respect for the conserva- 
tion of the environment, and the need to adapt 
our energy sources and supply to the restrictions 
this imposes upon us. 
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The mind-set of today is one that accepts en- 
vironmental problems as very real ones, and 
that industry should not only cooperate in solv- 
ing them, but should take the initiative in mini- 
mizing the release of effluents, developing practi- 
cal ways for undergrounding transmission as 
well as distribution lines, and in achieving bet- 
ter architectural treatment of facilities. The in- 
dustry should be more aggressive in promoting 
environmental protection. Consumers must be 
warned, however, that they must pay the bill. 
The electric power industry should take positive 
steps to avoid wasteful use of electricity by con- 
sumer education and working with appliance 
manufacturers and building contractors to in- 
crease the efficiency with which electricity is 
used at the point of consumption. 


This Task Force is convinced that the indus- 
try as a whole—public and _ privately-financed 
utilities alike—should move far faster, with 
more direction and determination. The Task 
Force urges, as one of its most important recom- 
mendations, that the electric utilities take firm 
leadership in resolving environmental problems, 
in accordance with standards set forth under 
law by responsible environmental protection 
agencies, and by moving rapidly to employ all 
possible technology to achieve this necessary 
goal. The Task Force also recommends that the 
Federal Power Commission and the utilities 
should insist that the state regulatory agencies 
face squarely their related responsibility by rec- 
ognizing that the cost of environmental safe- 
guards is a necessary element in the cost of pro- 
ducing electricity. 

Some of the restrictions we face in the 
generation and transmission of power are, to say 
the least, troublesome. All add to the cost of 
producing power. Many present challenges 
strain technological capacity; the state of the art 
in some cases is not yet equal to the unques- 
tioned need for accommodation. Yet, under the 
presently accepted policy, environmental stand- 
ards are being set, and must be met. Environ- 
mental trespasses must be recognized and 
avoided. Despite these added new factors, ways 
must be found to provide the necessary power 
within the necessary environmental restrictions. 
What that necessary amount will be is very dif- 
ficult to ascertain, and is complicated by both 
the changing goals of society and the availabil- 


ity of utilizable resources. Chapter 3 of the 1970 
Federal Power Commission National Power Sur- 
vey discusses ranges of power projections in de- 
tail. 


The consequences of a serious power shortfall 
to the country, to its people, and to the 
economy could be most serious if it should per- 
sist for any length of time. It would greatly in- 
convenience and in some instances even endan- 
ger consumers. It would slow the productive 
capacity of the country. It would throw a 
wrench into the operation of our cities and our 
economy—for two-thirds of all power produced 
is used for community, commercial and in- 
dustrial purposes. Therefore, there must be de- 
pendable, adequate and reliable supplies of elec- 
tric energy where and when it is needed. 


At the present time, a number of factors in 
addition to environmental demands pose major 
threats to the power supply of the nation. 


This threat of shortage results from, among 
other causes, the necessity to stretch out plant 
construction programs because of design 
changes, technological advances, regulatory re- 
views, equipment delays, labor difficulties, mate- 
rial and equipment faults; it simply takes longer 
to get new plants into operation. Experience in- 
dicates that one reason for delays is poor 
workmanship in equipment manufacture, result- 
ing in undependability in the early years. Oper- 
ational problems arise increasingly from short- 
ages of fossil fuel supplies or equipment failures 
—this last due partially to the new demands 
required of larger and more complex facilities. 
Inadequate anticipation of rapidly increasing 
electrical demand has created delay factors, Fi- 
nally, there have been deferrals or stoppages of 
project plans or of operations as the result of 
objections, on environmental grounds, from citi- 
zen groups. 


This last, this vigorous and effective resistance 
to plans or proposed plans for new electric 
power generating and transmission, is sometimes 
soundly based on unacceptable environmental 
threats resulting from neglect on the part of 
utility managements to take needed and avail- 
able precautions in environmental matters. 
Sometimes it results from a change in official air 
or water standards after construction has 
reached a point where immediate adaptation is 
impossible. Sometimes it grows out of a lack of 
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public confidence in agencies reviewing the proj- 
ect; sometimes a conviction that there has been 
no responsible review of environmental factors. 
Sometimes, unfortunately, it results from self-in- 
terest or unwarranted interference on the part 
of protesters. 

Thus, as far as public participation is con- 
cerned, we have a situation that covers a whole 
spectrum of difficulties: in the broad center is 
the range of reasonable, valid environmental 
objections, and unintentional violations of new 
or poorly defined environmental regulations, 
both of which may cause temporary stoppages, 
but both of which should be—and generally are 
—subject to remedial actions with minimum 
delay. At one extreme we have the stubborn 
managements who may feel that “this, too, will 
pass” if the present storm can be weathered; 
and at the other extreme we occasionally have 
citizen groups who may very well be exploiting 
the new environmental consciousness for their 
own purposes. Occasionally, there are public 
agencies in the middle that do not command 
public confidence. 

This Task Force has endeavored to inquire 
factually into the nature of the present Environ- 
ment-Power Supply crisis: to review the poten- 
tial power demand and assess future influences 
on it; then to examine the environmental as- 
pects of the supply situation and ascertain what 
policy action might bring about a sensible, rea- 
sonable resolution of the environmental conflict. 


I. The Future Demand for Power 


Energy is the keystone of civilization in our 
time. Electric power, certainly a major form, 
should be considered in the light of total energy 
requirements, the utilization of resources, and 
the demands on the environment. 

The operating of elevators in our increasingly 
vertical cities, the processing of food in vast 
quantities, the powering of rapid transit, the ad- 
vancing of techniques in hospitals that tends to 
make them electrical marvels (and wholly pow- 
er-dependent) , the mobility of the population, 
the handling of solid and liquid waste, the de- 
pendence on home appliances—these are ran- 
dom evidences of our increasing and—certainly 
to a large extent—inescapable dependence upon 
electrical power sources. The fact that electrical 
power is our most convenient and ordinarily 


our most available energy source places it at the 
very center of our society. 

Traditionally, there has been no limiting fac- 
tor in the availability of power for industrial 
purposes, nor in meeting the appetite for home 
comforts and conveniences. There has been 
nothing to arrest expansion. As a result, the de- 
mand for electrical power has grown at a rate in 
excess of six percent per year, about thirty per- 
cent of which has been for residential use. 

This national policy of encouraged and un- 
controlled growth is now being questioned, in 
view of the environmental toll involved in the 
growing industrialization of the nation and in 
the generation, transmission, and, in some cases, 
the use of electrical power. The ramifications of 
this changed policy are many. For example, 
there has been intensification of the search for 
new non-electric sources of energy—new ways to 
use fossil fuels, energy from the sun, improved 
atomic sources. Given enough time, money, and 
research, breakthroughs are possible, and in 
some cases likely. At the same time, numerous 
investigations are being directed toward new 
ways to generate electrical power—some, per- 
haps, with far fewer environmental consequences. 
In view of the need and the consequences, these 
efforts are far too poorly financed. 

The pollution control facilities required in all 
new and most existing plants are costly, and 
will inevitably raise the cost of producing elec- 
tricity, and rates will rise. It is reasonable to as- 
sume that this increased cost to the consumer 
may to some extent lower the demand for elec- 
tricity. 

This may be offset, however, by environmen- 
tal factors, plus limitations on supply, which are 
raising the price of competitive forms of energy 
even faster than the anticipated increases in 
electrical power. This might well increase the 
demand for electricity in spite of added costs. 

It might be assumed that the presently de- 
creasing rate of population growth could be 
counted upon to reduce the expansion rate of 
electrical power to demand below rates experi- 
enced in the past. But offsetting this will be the 
impact of increasing family income and rising 
standards of living, which could increase per 
capita consumption of power and of goods, pos- 
sibly sufficiently to more than offset the popula- 
tion trend. 
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Some reduction in power demand might re- 
sult from environmental pressures or power 
shortages, forcing a curb on marketing activities 
on the part of utilities. This is especially true in 
such areas as climate control and industrial 
processes, where electric utility marketing pro- 
grams and techniques in the past have included 
promotional step-down rates, special installation 
allowances, financing arrangements, and com- 
mission selling. Some utilities already have insti- 
tuted curbs on such activities, though it is by no 
means an industry trend. 

Tending to increase consumption, however, is 
the probable resumption of a housing program 
of such size as is needed. The creation of hous- 
ing consumes large amounts of power, as does 
the maintenance of housing once it is erected. 

In addition, environmental requirements 
themselves may place strains on the power sup- 
ply. Hundreds of sewage disposal plants, heavy 
users of power, will have to be built; solid waste 
systems may turn out to require substantial 
power. 

In spite of all practical efforts to curtail unes- 
sential uses of electrical power—and_ there 
should be such efforts, both for environmental 
reasons and because it seems certain we will find 
ourselves in a power squeeze—there is likely to 
be, on balance, a large increase in the total de- 
mand for power in the future. Any reductions 
achieved by regulation, higher prices, reduction 
in marketing incentives, or urge to conserve are 
unlikely to prove sufficient to offset new de- 
mands for energy, particularly in the commer- 
cial, industrial and governmental areas. All cur- 
rent surveys of the Btu requirements on a 
national and world basis point to continued 
growth during the next few decades as the result 
of the increasing mechanization of society and 
the irresistible thrust to replace human en- 
ergy with mechanical energy. Btu consumption 
charts since 1800 have gone steadily upward 
without a break, except in the depths of the 
great depression of the thirties, and there is lit- 
tle reason to expect any important change. 

The question now is how this growth—what- 
ever the amount—can be met with a minimum 
and fully acceptable impact on the environ- 
ment. Such environmental effects will manifest 
themselves in the electric industry’s planning in 
a number of areas—air, water, thermal, radio- 
logical, aesthetic and land use. 


Air Pollution Control is not new to the power 
industry. Consideration of particulate pollution 
has long been a factor in planning electric gen- 
eration facilities. Precipitators or rural siting 
have long been standard for new capacity. Im- 
provements in precipitation control or phasing 
out of the plant are fairly accepted practice for 
older units. 

The new development in particulate pollu- 
tion is that some regulations may demand the 
highest efficiency equipment on all units. The 
effect of such requirements on old commercial 
and industrial equipment used for heating or 
industrial steam production can be significant. 
They will increase greatly the pressure to retire 
older equipment. 

Sulfur dioxide (SO,) emission was clearly not 
seriously considered until recently; rural siting 
and high stacks would sufficiently disperse the 
gases. If, as it seems likely regulation of SO, 
emissions will cover all fossil fuel utilization de- 
vices, the impact may be quite substantial. Ini- 
tially, during the first half of the seventies, utili- 
ties will increase the use of low sulfur content 
fuels. Based on present availability and price, 
this could mean a substantial increase in fuel 
costs. If these costs increased substantially, the 
lesser impact would be on those rates in which 
the fuel cost is a smaller portion of the total 
price (typically, smaller residential and commer- 
cial customers). A larger effect would occur in 
the case of large industrial and with off-peak 
rates, where the facilities component is a smaller 
portion of the total price. 

In the long run, it is likely that some sort of 
commercially feasible SO, removal device will be 
developed. By 1973, this might be available for 
new units to go in service by 1977. The cost of 
such a device is uncertain; it has been suggested 
that a range of $25 to $50 per kilowatt of capac- 
ity is possible. The additional operating cost 
and even part of the capital cost might be offset 
by the sale of the by-product sulfur. Alterna- 
tively, nuclear power would solve this pollution 
problem as well as the particulate problem. 

If SO, pollution is reduced, health and dam- 
age losses will be curtailed. However, any such 
reduction in SO, pollution will result in in- 
creased fossil fuelled generation costs either 
from higher priced “clean” fossil fuels, or as a 
result of major investments and operating costs 
of sulphur control systems. 
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A less defined area of air pollution control is 
that of nitrogen oxides. If regulation of emis- 
sion of nitrogen oxides such as in Los Angeles 
were to be extended to the rest of the country, 
it would place a premium on types of energy 
production that do not involve combustion and 
on the development of nitrogen oxide removal 
facilities. 

Finally, while the effects of carbon dioxide 
emissions have been under scrutiny, there is so 
far no consensus concerning any possible signifi- 
cant climatic effects. As total energy use ex- 
pands, releases of carbon dioxide grow, but long 
range effects from any changes in the global bal- 
ance are unclear and bear watching. Concern 
over carbon dioxide would favor non-combus- 
tion processes such as nuclear power generation. 

Water Pollution Control regulations dealing 
with discharge of chemical or suspended matter 
will cause few additional problems in the gener- 
ation of electricity. Involved here are the im- 
provements in slag and ash handling, station 
waste, run-off from station properties, and dis- 
posal of material collected on filters. 

The water pollution problem with the great- 
est impact on electric utilities is that associated 
with heat or thermal pollution. It is still un- 
clear what exact form regulation of thermal ef- 
fluent will or should take. However, it is quite 
likely that accommodating any likely regulations 
will involve additional capital investment for 
utilities in the form of special cooling facilities. 

Radioactive Emission Control is of continuing 
concern because nuclear energy will be an in- 
creasingly important contributor to electrical ca- 
pacity. While nuclear stations meet present ra- 
diation standards more than adequately, further 
restrictions may be imposed. Control of radio- 
active emissions to meet possible standards might 
add $1 to $5 per kilowatt to a 1000 megawatt 
plant cost. 

In addition, it is likely that such additional 
restrictions will be applied to all operations in 
the nuclear fuel cycle. This might add slightly 
to the cost of fuel mining and manufacturing, 
and more substantially to the costs of reprocess- 
ing. In total, this should be reflected in no more 
than a 5% increase in fuel cost at the most. 
Such costs would not affect competitive energy 
sources. 

Costs related to protection measures against 
possible radiation releases are not likely to con- 


tinue to rise in relation to total costs, Licensing 
delays, additional safety systems, and more ex- 
tensive inspection systems up to the present 
time have increased the costs of constructing 
and operating nuclear plants. 

Aesthetic Considerations are of increasing im- 
portance. The siting of power plants has been 
the subject of much research and of federal and 
state legislative proposals. There have been sev- 
eral brochures and manuals prepared by federal 
agencies and private groups to aid in the reduc- 
tion of the visual impacts on the environment. 
They are all in general agreement, so there is 
no need to report the suggestions here. There is, 
however, urgency in this matter. 

The visual impact of large structures where 
the local populace does not want them is a mat- 
ter in each case demanding individual resolu- 
tion: there is little possibility of creating fixed 
standards that will be universally applicable. 
Generating plants are not alone in encountering 
such impasses; transmission lines are equally in- 
volved. As a result, it is sometimes difficult to 
decide whether there is in fact an unanticipated 
serious environmental problem, whether to fault 
the utility for bad judgment, or to accuse the 
neighbors of unabashed self-interest; it could be 
any of these, or some of each. 

Power lines, long the center of some of our 
most celebrated conflicts, are unpopular every- 
where, and particularly with those who must 
look at them, or make way for them in their 
own neighborhoods. There is always the convic- 
tion that they should “go somewhere else.” But 
the unfortunate fact is that transmission lines 
are as vital to the supplying of society with 
power as energy generation. Lines can be shifted 
from one location to another, sometimes at ad- 
ditional cost, but in principle locations should 
be determined by the broad public interest 
rather than by which route is cheapest, or which 
party can garner enough force to shift the bur- 
den to his neighbors. 

High voltage lines, today, cannot be placed 
underground for long distances, but the time 
will come, and in certain instances may not be 
too many years away, when transmission lines 
can be undergrounded (perhaps by conversion 
from AC to DC), and then much of the prob- 
lem presumably will disappear. For the interim 
period, however, this Task Force suggests: 
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1. Transmission line construction should have 
advance planning and full review by public in- 
terests as well as by official regulators. 

2. It is to be hoped that in the future there 
will be established at the state level a source of 
firm and final authorization to proceed after all 
review procedures are completed and any neces- 
sary and desirable alterations have been made. 

3. Wide-circulation should be given two new 
documents now available to provide guiding 
principles on the best practices in location, de- 
sign, and construction of power transmission 
lines. The Departments of the Interior and Ag- 
riculture issued in October, 1970, a publication 
entitled ‘Environmental Criteria for Electric 
Transmission Systems” for the use of their land 
management agencies and their federal power 
systems. The Federal Power Commission has 
published a similar set of guidelines “Electric 
Power Transmission and the Environment.” 
These documents provide indications of the 
principles which will be used to guide federal 
practice in this field, but they also provide a 
basis for parallel regulation at the state level. 
They illustrate primary considerations in mini- 
mizing the aesthetic impact of transmission lines 
and related project works. It should be pointed 
out that utility organizations have themselves 
shown substantial initiative in developing and 
applying improved design criteria, and more of 
this should be encouraged. 

There are other points of visual impact which 
also need attention. One of these—the under- 
grounding of distribution lines—has made re- 
markable progress since the situation was inves- 
tigated by the Electric Utility Industry Task 
Force on Environment in 1968. In its report, the 
Task Force observed that the replacement of all 
overhead distribution lines would require an in- 
vestment on the order of $150 billion, which of 
course made any such program wholly impracti- 
cal. However, it was noted that: 

“The industry generally supports the move- 
ment to place all new residential subdivision 
distribution lines underground, The Task Force 
expects that by 1975, no more new overhead dis- 
tribution lines will be constructed in new urban 
and suburban residential subdivisions. The 
Task Force recommends that utilities, regulatory 
agencies, municipalities and developers cooper- 
ate fully in achieving this target date.” 


Since this recommendation was made, sup- 
pliers have perfected new equipment and mate- 
rials which have greatly reduced the cost of 
undergrounding and increased its reliability. As 
a result of this, plus the action of Public Service 
Commissions in several states to spur under- 
grounding, many utility groups will do much 
better than reach the 1975 target date. 

Fortunately, there has been a general trend 
among utility companies to beautify the many 
facilities that must, of necessity, be accommo- 
dated on the landscape. Structure design, archi- 
tecture, landscaping, and general appearance 
have been greatly improved. There is no scarcity 
of models to follow. . 

e Plants have been carefully sited, thought- 
fully designed, and often surrounded by parks 
and picnic areas. 

e Sub-stations have been located where they 
are unobtrusive. 

e Distribution sub-stations have been vastly 
improved, in some instances being contained 
within structures indistinguishable from others 
in the environment. 

e It is not unusual for large utilities to have 
or retain architects and landscape architects, a 
practice that is gaining, and is doing much to 
give utilities a leadership role in the field of in- 
dustrial beautification. 

e New types of poles have been developed 
and transformers have been removed from sight. 

Unquestionably, there is much more to be 
done, but the progress already made would indi- 
cate that the industry generally assumes a large 
measure of responsibility and further programs 
can be anticipated. 


Il. Meeting the Problem 


Just as it is certain that substantial additions 
will have to be made to our generating capacity, 
so also it is certain that henceforth the siting 
and planning of new units will have to meet 
comprehensive environmental standards. 

No longer will it be possible for a utility or- 
ganization independently to choose an economi- 
cally advantageous site for a plant and proceed 
to construct it. Ample lead time must be al- 
lowed so environmental factors can be studied 
thoroughly and reviewed in timely fashion with 
public agencies and responsible citizen conserva- 
tion groups. The review process must start early, 
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since environmental laws and recent court deci- 
sions provide for review by many groups which 
may cause long delays or even the abandonment 
of construction plans. Experience proves beyond 
doubt that competent planning, comprehensive 
review, and firm legally-based powers of certifi- 
cation are necessary if the future need for facili- 
ties is to be met on anything like a planned 
schedule. 

An essential ingredient in successfully meeting 
this problem is the establishment of official 
standards and criteria as guides for the industry 
to follow. To a great extent, this is being done, 
at least in principle. The development and in- 
stitution of detailed standards in some cases 
must be a progressive process. Final permanent 
standards of a high level are the ultimate objec- 
tive, but they may not be attainable under exist- 
ing circumstances; therefore, so that essential 
units can come on line when needed, provision 
must in some cases be made for interim stand- 
ards, subject to subsequent refinement. This is 
particularly necessary in power plant construc- 
tion because of the very long lead times re- 
quired. Signals cannot be changed on short no- 
tice. The Environmental Protection Agency 
states that “where standards cannot be met, we 
have acceptable methods of providing relief” 
and to the extent that such relief measures are 
practical, the problem is at least to some extent 
relieved. 

All this is increasingly important in the face 
of constantly lengthening lead times in plant de- 
sign and construction. Questions of environmen- 
tal acceptability alone will require two to three 
years as an absolute minimum period for site 
selection, preliminary design, and timely review 
with official bodies charged with certification of 
projects, and with responsible representatives of 
the public. Four to five years additional will 
normally be needed for construction and start- 
up of fossil-fueled plants, or five to seven years 
for nuclear plants. The advance selection of 
sites and reporting of related environmental 
data ten years prior to expected use for commer- 
cial power supply, therefore, would seem to be a 
minimum safe forward-planning basis. 

A recent report* issued by the Office of Sci- 
ence and Technology calls for: 

(1) long-range planning of utility expansions 


* “Electric Power and the Environment,” August 1970. 


on a regional basis at least ten years ahead of 
construction; 

(2) participation in planning by the environ- 
mental protection agencies and notice to the 
public of plant sites at least five years in ad- 
vance of construction; 

(3) pre-construction review and approval of 
all new large power facilities by a public agency 
at the state or regional level, or by the federal 
government if the states fail to act. 

Such an arrangement as this, desirable (and 
probably inevitable) as it is, suggests that future 
demand for power must be reasonably closely es- 
timated approximately fifteen years in advance. 
This is no mean task in an environment with so 
great a technology thrust that a forward view of 
even five years in not taken without serious risk. 


Ill. The Role of Research and Development 


As previously indicated, this Task Force be- 
lieves a vastly increased program of research and 
development in the electrical power field is es- 
sential. 

The pressures of the environment make this 
far more important than ever before. The in- 
teraction between electric power supply and the 
environment is so pervasive that almost any 
progress in research and development in the 
field of power generation and transmission can 
be expected to improve directly or indirectly the 
environmental consequences of power supply. 
Stated more simply, it is reasonable to suppose 
that the more broadly efficient and successful is 
the process of power supply, the less will be its 
environmental consequences overall. 

‘Two examples will demonstrate this point: 

e Any advancement in thermal efficiency of 
either fossil or nuclear generation provides a 
double environmental gain. It reduces thermal 
and other waste discharges to the environment, 
and it conserves capital resources of natural 
fuels. 

e The simplest improvement in equipment 
(switchgear, for example) helps make opera- 
tions not only more reliable, but also more man- 
ageable insofar as the environmental impact is 
concerned. It also will produce economies, 
which in turn will make a small contribution 
toward the greatly increased financial effort re- 
quired to meet the environmental challenges of 
the future. 
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It is absolutely essential, in the opinion of 
this Task Force, that all power utilities and re- 
lated industries, including private, investor, 
public, and cooperative elements, greatly in- 
crease their financial commitment to compe- 
tent research and development. Many problems 
which are already clearly apparent must be 
faced, tackled and solved. Such a research and 
development program, to function properly, 
must be funded at a level several times the pres- 
ent rate of research and development expendi- 
ture in the industry. This fundamental need 
must be met by assessing the greatest portion of 
the cost against the rate structure. Obviously, 
this will require a firm policy directive on the 
part of the FPC, and full cooperation on the 
part of the various State Public Service Commis- 
sions, where the problems of rate regulation 
must be faced. These officials must recognize 
that reliability, the environment, and rates all 
are their responsibility, and are equal in their 
importance. This can turn out to be politically 
difficult. 

The Task Force believes the basic need in- 
volves not only a commitment of greater finan- 
cial support for research and development, but 
that an equally important need is to establish 
the institutional arrangements to spend the 
money wisely. Before such arrangements are cre- 
ated, it will be necessary to: 

1. Develop and propose guidelines and priori- 
ties for research and development for the indus- 
try (private, public, cooperative and federal) 
geared to the future demands of the industry in 
terms of its performance requirements, demands 
on national resources, and relationships to the 
environment. 

2. Translate these guidelines into detailed 
programs to be carried forward by appropriate 
entities through cooperative efforts with govern- 
ment agencies and other organizations. 

3. Investigate the optimum organization and 
facilities needed to carry out research and devel- 
opment on such programs as: 

(a) New long-range and mid-term develop- 
ments of national, cross-industry significance de- 
signed to raise the technological level of the 
power industry’s performance, increase its con- 
servation of fuel and energy resources, and mini- 
mize environmental impact to the maximum 
possible extent. 

(b) Expediting development of new power 


and new energy sources, as well as new transmis- 
sion methods and techniques. This should in- 
clude investigations of all possible alternatives 
to conventional generating facilities as we know 
them, including fuel cells, fusion, sun power, 
geothermal power, and direct conversion. It is 
suggested that most basic research should con- 
tinue to be financed directly by the government 
and the industry should take the leadership in 
applied research and development. 

(c) Various management approaches should 
be investigated, particularly as to the manner in 
which all affected segments, i.e., the power in- 
dustry (investor-owned public, cooperative and 
Federal) , public interests and the Government, 
will be represented and how they will interact 
in the selected management scheme. 

The total estimated cost of such a project 
awaits a more thorough plan. However, its main 
support might come from an across-the-board 
service charge to add to such federal investments 
in research as are being made. A surcharge of 
.15 mills per kwh on all customers, for example, 
would produce an annual income of at least $200 
million, and the largest part of the amount thus 
would be borne by the largest users, who could 
be expected to gain most from technological 
advances in the industry. 


IV. The Need for Better Cooperation 


There is need for better cooperation among 
the parties of interest in the power-environment 
conflict: the industry, the regulatory authorities, 
and the public. 

Any freedom utilities may have had in the 
past to make unilateral decisions is gone; they 
must adjust to the facts of life in this respect. 
Some have. Some have not. All of them must ac- 
cept official standards. None can afford to fight 
City Hall insofar as the environment is con- 
cerned. 

Regulatory authorities, particularly those in 
the states, must recognize that they also have a 
new dimension in their responsibilities, and one 
that will alter their entire outlook. As guardians 
of the public interest in the past they have de- 
manded reliability and have policed rates. They 
have felt a strong responsibility to prevent ex- 
penditures that were not directly related to the 
basic business of generating and distributing 
power. Today that has changed; they now must 
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accommodate a whole new category—and a costly 
category—of expenses. It is estimated that by 
1990 more than $3 billion in capital expendi- 
tures could be required to achieve proper SO, 
emissions controls alone, and could add $114 
billion to operating costs and fixed charges in 
utilities across the country. The capital costs of 
water cooling facilities by 1990 could reach $9.7 
billion, with an annual cost of $1.9 billion. In 
the case of new plants, air and water environ- 
mental protection will add an estimated five 
percent to total costs. Obviously, these costs 
must be allowable; they must be passed along to 
the power consumer, as well as other costs asso- 
ciated with environmental protection, and the 
costs of the badly needed stepped-up research 
and development. This will place a burden of 
great importance upon the regulatory agencies; 
not only must they police expenditures in this 
connection, but they also must police public de- 
mands so that desirable but unessential im- 
provements are not forced upon the companies 
involved, to be paid for by a public that may 
have greater priorities for its funds. 

To the extent that there will be unavoidable 
rate increases, a re-examination of the design of 
rates as well as their overall level has been sug- 
gested. Existing discounts to volume users might 
be reconsidered. 

Working out the problems that inevitably in- 
troduces will require closer and more under- 
standing relationships among the companies, the 
public, and the regulators than ever before. It 
does not suggest that the regulators give up 
their watchdog role on behalf of consumers; in- 
deed, they will have to redouble their efforts. It 
does mean, to a large degree, that they will be 
called upon to exercise judgment and to me- 
diate between environmental enthusiasts on the 
one hand and “the average consumer’ on the 
other with the utility squarely in the middle. 

The regulatory agencies also are likely to 
have an increasingly important role in rationing 
or in curtailment programs that might be re- 
quired by shortages. This, too, will place a new 
and very heavy burden upon them. 

One project in which the utilities, the regula- 
tors, and the public could well afford to work 
shoulder-to-shoulder is in demanding and secur- 
ing a commitment on the part of the state that 
there will be firm land-use planning to govern 
the purposes to which specified areas will be 


put—and to insist that such plans be imple- 
mented. ‘There are logical, practical sites for 
plants, and proper routes for transmission lines. 
Such areas are finite in number and can be de- 
termined only by an objective, informed analysis 
of all the factors involved in relation to other 
uses of land. There is no other way to resolve 
the many conflicting opinions that invariably 
arise when such decisions must be made. 

The reasonable public must make its position 
felt so that policies will be set on the basis of 
sound environmental consideration, rather than 
out of recrimination. Initiatives in this direction 
must be taken in the first instance by the utili- 
ties. Political entities and regulatory authorities 
must concern themselves with equity—some- 
times at the expense of political advantage. And 
it will help immeasurably if communications 
media made an honest effort to reconcile posi- 
tions rather than exploit adversary positions. 

The public and agency review process must 
start early, since environmental laws and recent 
court decisions in many instances pave the way 
for protesters to create long delays or even the 
abandonment of plans. Moreover, there is a pro- 
liferation of public agencies that now must be 
satisfied and which present many opportunities 
for the protestors to create further delays. Expe- 
rience proves that competent planning, compre- 
hensive review, and firm legally-based powers of 
certification are necessary if the future need for 
facilities is to be met on anything like a 
planned schedule. 

An essential ingredient in successfully meeting 
this problem is the establishment of official 
standards and criteria based on valid scientific 
data as guides for the industry to follow, and it 
is commendable that several states are creating 
special official review groups with the power of 
final decision. In some cases this power has been 
given to the state utility regulating board. 

There is a monumental public adjustment job 
to be done if there is to be any understanding; 
and without understanding, the situation will 
grow far worse before it improves. 


V. A Footnote on Nuclear Power 


The Task Force recommends that special at- 
tention be directed to nuclear power because it 
promises the best available answer to many of 
the existing environmental problems. In the 
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long run—or at least until entirely new methods 
become commercially practical—it would appear 
to be the least expensive means available for 
power generation. It conserves fossil fuels, and 
the breeder reactor, when it comes, will also 
conserve uranium resources. This is not to Say 
that nuclear plants are without environmental 
problems. There is the question of the heated 
water discharges, the handling of irradiated fuel 
and the disposal of high level radioactive wastes, 
and the release (even though it is controlled ) of 
low level radioactive wastes into air and water. 
Another factor which cannot be overlooked is 
the depletion of fossil fuels, which places an in- 
creasing burden on nuclear generation, and 
makes it doubly important to reduce the envi- 
ronmental impacts of the latter to the lowest 
practicable level. 

It is possible, and even probable, that the en- 
vironmental impacts of nuclear plants will be 
reduced further, and that waste heat, now one 
of the most serious problems, will find some 
practical uses, and will be reduced with the 
coming of breeder reactors. Accommodating 
waste heat at this time is possible, and is eco- 
nomically feasible. Programs for cooling are 
fully discussed in the Power Survey. If and 
when nuclear plants are brought into populated 
areas, where the load is heaviest, plant siting 
problems can be alleviated, and some of the 
troublesome overhead transmission will become 
unnecessary. Such plants, especially if put un- 
derground, can reduce environmental impacts 
that currently cause many problems with power 
generation by any method. 

Nuclear power employs fissionable materials 
which yield inherently dangerous radioactive 
materials, and the rules and techniques for con- 
trolling these substances in a safe manner are 
frequently complex and difficult to express and 
understand. Furthermore, most nuclear genera- 
tion units installed now and well into the 1980’s 
will be so limited by technological problems in 
temperatures and pressures that their thermal 
efficiency will remain at about the present 30 
percent overall. Thus, they discharge greater 
amounts of waste heat per unit of electricity de- 
livered than the more efficient fossil-fired types, 
which may achieve up to 40 percent thermal ef- 
ficiency. With such handicaps, the public may 
well ask, “Why bother with nuclear power? 
Why not continue to rely on present forms of 


power generation—hydro, coal, oil and gas-fired?” 

There are three principal motivations for nu- 
clear power, which are fully discussed in the 
1970 Power Survey. Briefly: (a) hydro power is 
limited by available sites; (b) fossil-fired plants 
are limited by fuel availability, discharge of air 
pollutants, and, in many parts of the country, 
higher generating costs than nuclear plants; and 
(c) nuclear plants offer better solutions to over- 
all environmental quality problems than typical 
coal and oil-fueled power plants. Thus nuclear 
power plants appear to offer more favorable ad- 
vantages in several areas, including environmen- 
tal aspects. The mission of insuring the safety 
and confidence of the public must and can be 
faced squarely. 

This philosophy of weighing benefits against 
possible risks must be carried over to the indi- 
vidual citizen. It is clear that the description 
and analysis of possible radiological hazards 
from nuclear plants and their safety controls are 
often difficult for the layman to follow. In con- 
sequence, he must rely on evaluations and opin- 
ions of those presumed to be independent ex- 
perts in the field. Thus it is disconcerting to 
find presumed experts differing on questions of 
alarmingly dangerous potential. There is no 
simple remedy for the public in these situations, 
except perhaps these precautions: (a) as far as 
possible, seek to rely on facts rather than 
offhand opinions; (b) where the judgment is 
made that a nuclear generation unit is not toler- 
able, judge this conclusion first by the demon- 
strated qualifications of the critic, and second by 
whatever constructive alternative is offered. 

Questions dealing with the environmental as- 
pects of nuclear power usually concern how 
man’s air and water environments are affected 
by the potential release of radioactivity and dis- 
charge of heated water. Aesthetically, nuclear 
power plants are designed and built in a more 
pleasing manner than conventional plants. 

The use of nuclear fuel avoids discharging of 
particulates, sulfur oxides, nitrogen oxides, car- 
bon dioxide, carbon monoxide, and other prod- 
ucts of combustion. 

It would seem that the public’s concern with 
regard to the potential safety of nuclear power 
really rests on the answers to the following ques- 
tions: 

(a) Has the best possible judgment been used 
in setting radiological safety standards? 
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(b) Do the benefits substantially outweigh the 
risks to public health and safety? 

(c) Have the standards so established been met 
by the plants built and those now planned? 

(d) What are the results? Has the public’s envi- 
ronmental health and safety been preserved? 

Expert opinion generally says “yes” to all the 
questions above. Obviously, however, there are 
differences of public opinion on the basis for 
saying ‘‘yes’—particularly to questions (a), (b), 
and (d). Hence, further elaboration is needed: 
(a) The origins of present nuclear safety stand- 
ards go back more than forty years to the estab- 
lishment in 1928 of the International Commis- 
sion on Radiological Protection (ICRP). A year 
later, the National Council on Radiation 
Protection and Measurements (NCRP) was 
formed, sponsored by the U. S. National Bureau 
of Standards. Some forty members, leading sci- 
entific experts in radiation science from four- 
teen countries, make up the ICRP. The radia- 
tion protection standards applied to nuclear 
power plants were developed by the AEC from 
the radiation health standards established by the 
world-recognized ICRP. In 1959, Congress cre- 
ated the Federal Radiation Council (FRC) to 
advise the President with respect to radiation 
matters and to provide guidance in these mat- 
ters independent of the AEC itself. 

The studies and recommendations of the 
ICRP and the FRC (whose functions are now 
exercised by the Environmental Protection 
Agency) are periodically reviewed, but continu- 
ously represent the highest scientific expertise to 
be found in the world in this field. Despite criti- 
cisms and alarms directed at the Atomic Energy 
Commission on its licensed limitations for radia- 
tion discharges, no comparable authority has 
levelled a creditable criticism at the fundamen- 
tal health standards which were employed under 
guidance of ICRP and FRC. 

(b) The licensed limitations imposed on nuclear 
power plants have been continuously and scru- 
pulously followed. This is not a situation in 
which actual pollutions have exceeded desired 
or imposed standards under waivers or tolerated 
violations. Reports of the U. S. Atomic Energy 
Commission and independent inspections of the 
Public Health Service, HEW show that adher- 
ence to required limits has been consistent. 

(c) The results in protection of public health 
and safety are attested by both positive and neg- 


ative data. The most specific positive reporting 
is that contained in the reference studies of 
measured radiation effluents from operating nu- 
clear power plants according to the Public 
Health Service. In general, the results show ra- 
dioactivity releases to both air and water far less 
than those permitted by licensed limits, and at 
levels which often are indistinguishable from 
natural radiation background levels where the 
public might be exposed. 

Tightening of physical limits on radioactive 
releases into air and water is technically possi- 
ble. Individual states (notable Minnesota and 
Maryland) and other local jurisdictions believe 
that limits tighter than those set by the AEC 
should be imposed as long as these can be met. 
Even in the absence of any proven hazard to 
the public, it is argued that reduced limitations 
on radioactivity discharges will minimize certain 
consequences not yet fully anlyzed. These in- 
clude: 

1. Possible buildup of long-lived radioactive ma- 
terials from multiple sources in atmospheric, 
terrestrial and aquatic ecosystems. 

2. Possible reconcentration in the food chain of 
some radioactive materials, principally through 
aquatic organisms. ‘The AEC standards allow for 
this possibility, and compensations are provided 
for certain radionuclides. 

3. Presumptions of possible longer-term subtle 
but harmful genetic effects from low levels of 
radiation. 

Within limits, it is possible and practical to 
further refine the designs of nuclear power sys- 
tems to improve their safety limitations beyond 
today’s standards. This is desirable not only in 
view of the increasing size of future units, but 
also as further reassurance to abate public ap- 
prehension. Nevertheless, reason must prevail so 
that a vitally needed and highly practical form 
of power generation can move forward in a ra- 
tional manner. 

The environmental problem of heated water 
discharges is not insurmountable. The problem 
is more severe in nuclear plants because of the 
lower thermal efficiency and _ corresponding 
higher heat rejection to air or water. Sometime 
in the 1980’s—the earlier, the better—the com- 
mercial breeder reactor should bring two major 
environmental improvements: 

(a) Reduced thermal effects because of higher 
thermal efficiency; and 
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(b) Conservation of uranium fuel by greatly in- 
creased conversion of fuel materials to electrical 
energy. 

Meanwhile, nuclear power will fill a power 
gap that can not reasonably be met by other en- 
ergy resources. 
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GLOSSARY OF ABBREVIATIONS AND DEFINITIONS 


Abbreviations 


alternating current 
barrels 

barrels per day 
British thermal units 
cents 

cubic centimeters 
cubic feet 

degrees Fahrenheit 
direct current 
electrogasdynamics 
extra high voltage 
gallons 

gallons per minute 
gigawatt 

gram 

Hertz 

kilogram 

kilovolt 
kilovolt-ampere 
kilowatt 
kilowatt-hours 
liquefied natural gas 


Definitions 
ALTERNATING CURRENT (ac) 


AMBIENT TEMPERATURE 


ANADROMOUS FISH 


BACKBONE TRANSMISSION 
SYSTEM 


BACK-UP 
BASE LOAD 
BREEDER REACTOR 


BRITISH THERMAL UNIT (Btu) 


magnetohydrodynamics MHD 
bls mean sea level Msl 
bbl/d megavolt ampere MVA 
megawatt MW 
megawatt hours MWh 
million cubic feet MMcf 
nitrogen oxides NO, 
parts per million ppm 
percent % 
EGD pound Ib 
EHV pound per hour lb/hr 
pounds per square inch psi 
gal/min pounds per square inch absolute _psia 
GW research and development R&D 
reserve to production R/P 
revolutions per minute r/min 
standard cubic feet scf 
standard cubic feet per day scfd 
kVA sulphur dioxide SO, 
thousand cubic feet Mcf 
kWh thousand cubic feet per day Mcfd 
LNG ultra high voltage UHV 


An electric current that reverses its direction of flow peri- 
odically (see FREQUENCY) as contrasted to direct cur- 
rent. 

Temperature of the surrounding cooling medium, such as 
gas or liquid, which comes into contact with the heated 
parts of the apparatus. 

Fish, such as salmon, which ascend rivers from the sea at 
certain seasons to spawn. 

The principal portion of a transmission system to which 
other lines connect. 

Reserve generating capacity of a power system. 

The minimum load over a given period of time. 

A nuclear reactor capable of producing more nuclear fuel 
than it consumes. 


British thermal unit. A measure of heat energy. The quan- 
tity of heat energy required to raise the temperature of 
1 pound of water 1 degree Fahrenheit, at sea level. 
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BULK DELIVERY POINT 


BUS 


BUSBAR 


CAPACITOR 
CAPACITY 


CAPACITY INTERCHANGE 


CENTRAL STATION SERVICE 
CIRCUIT BREAKER 

COAL SLURRY PIPELINE 
COINCIDENT DEMAND 
COMMERCIAL PAPER 


CONDENSER 


CONNECTED LOAD 


COORDINATION 


CRITICAL (as related to nuclear 
material) 
CRITICAL STREAMFLOW 


DEMAND 


DESALINATION PLANT 


DIRECT CURRENT (dc) 


A substation which receives power delivered at high volt- 
age. Transformers at these points lower the voltage for 
power distribution. 

An electrical conductor which serves as a common connec- 
tion for two or more electrical circuits. A bus may be in 
the form of rigid bars, either circular or rectangular in 
cross section, or in form of stranded-conductor overhead 
cables held under tension. 

An electrical conductor in the form of rigid bars, located 
in switchyard or power plants, serving as a common con- 
nection for two or more electrical circuits. 

A dielectric device which momentarily absorbs and stores 
electrical energy. 

The maximum power output or load for which a machine, 
apparatus, station or system is rated. 

In power pooling, transactions resulting from the assign- 
ment by participating utilities of reserve or excess gener- 
ating capacity for common use. 

Refers to electric service supplied from an electric system 
rather than by self-generation. 

A switch that automatically opens an electric circuit carry- 
ing power when an abnormal condition occurs. 

A pipeline which transports coal in pulverized form sus- 
pended in water. 

Any demand that occurs simultaneously with any other de- 
mand; also the sum of any set of coincident demands. 

Short-term promissory note issued and sold by utilities and 
other companies usually through dealers in such paper. 

In a steam electric plant, a device which condenses steam 
into water after the steam has gone through the turbine 
before it is injected into the boiler for reuse. 

The sum of the capacities of the electric power consuming 
devices connected to a supplying system. 

Cooperative action by two or more systems to achieve the 
economies of overall power supply and network integra- 
tion. 

The condition whereby an atomic chain reaction is capable 
of being sustained in a nuclear reactor. 

The amount of water available for hydroelectric power gen- 
eration during the most adverse streamflow period. 

The rate at which electric energy is delivered to or by a 
system or to a piece of equipment expressed in kilowatts, 
kilovolt-amperes, or other suitable unit at a given instant 
or averaged over any designated period of time. See 
LOAD. 

A water supply plant which removes salt from sea water or 
brackish water to produce potable water. 

Electricity that flows continuously in one direction as con- 
trasted with alternating current. 
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DISPATCHING 


DISTRIBUTION 
DIVERSITY 


ECONOMY ENERGY 


EXTRA HIGH VOLTAGE (EHV) 


ENERGY 
ENERGY REQUIREMENTS 
FIRM POWER 


FISSION 


FORCED OUTAGE 


FOSSIL FUELS 
FRANCIS-TYPE UNIT 


FUSION 


GASEOUS DIFFUSION 


GENERATION, ELECTRIC 
GENERATOR 
GROSS NATIONAL PRODUCT 


(GNP) 
G&T COOPERATIVES 


GIGAWATT (GW) 
HEAD, GROSS 


The operating contro] of generating units, transmission 
lines, and other facilities including assigning of generator 
outputs as needed, controlling maintenance and switch- 
ing operations, and scheduling energy transactions with 
other utilities. 

The act or process of distributing electric energy. 

The differences among individual electric loads resulting 
from the fact that the maximum demands of customers 
do not all occur at the same time. 

Energy produced and supplied from a more economical 
source, substituted for energy that could have been pro- 
duced by a less economical source. 

Generally used to refer to voltages of 345 kilovolts or 
higher. 

That which does or is capable of doing work, and is equal 
to average power multiplied by the interval of time. 

The amount of electric energy needed by a utility to serve 
its customers and to cover system losses. 

Power intended to have assured availability to the customer 
to meet his load requirements. 

The release of energy through the process whereby the 
nucleus of an element captures a neutron and splits into 
two nuclei of lighter elements. 

The shutting down of a generating unit for emeregency 
reasons. 


(As used in this report) Refers to coal, oil, and natural gas. 


A hydraulic turbine using vanes to drive generating equip- 
ment. Water enters the unit at a right angle. 


The combining of atomic nuclei of very light elements by 
collision at high speed to form new and heavier elements, 
resulting in the release of energy. 


A method of isotope separation used to enrich uranium 
with the uranium-235 isotope. Based on the fact that 
atoms or molecules of different masses will diffuse 
through a porous barrier at different rates. 


The process of transforming other forms of energy into 
electric energy. 

A machine which converts mechanical energy into electric 
energy. 

The Nation’s total national output of goods and services at 
current market prices. 

Electric utility cooperatives which generate and transmit 
electric power usually at wholesale to distribution co- 
operatives and other member systems. 

One million kilowatts. 

The difference of elevation between the headwater surface 
above and the tailwater surface below a hydroelectric 
power plant, under specified conditions. 
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HEAT RATE 


HEAVY WATER 


HERTZ 
HOLDING COMPANY 


HYDROELECTRIC PLANT 


INTERCONNECTION 


INTEGRAL TRAIN 


INTERTIE 
KAPLAN UNIT 


KILOVOLT (kV) 
KILOWATT (kW) 
KILOWATT-HOUR (kWh) 


LIGNITE 


LINE COMPENSATION 
LINE IMPEDANCE 


LOAD 
LOAD CENTER 


LOAD CURVE 


LOAD DIVERSITY 


LOAD FACTOR 


A measure of generating station thermal efficiency, gener- 
ally expressed in Btu per net kilowatt-hour. It is the 
total Btu content of fuel burned or of heat released from 
a nuclear reactor for electric generation by per net 
kilowatt-hour generation. 


Water used in the moderation of nuclear reaction by cer- 
tain types of atomic power plants. In this water (D,O), 
the hydrogen of the water molecule consists entirely of 
deuterium—the heavy hydrogen isotope of mass 2. 


Cycles per second 


A nonoperating company -dineaty controls other companies 
through stock ownership. 


An electric power plant in which the turbine-generators are 
driven by falling water. 


A transmission line joining two or more power systems 
through which power produced by one can be used by 
the other. Also—intertie. 


Similar to unit train except that the cars are more or less 
permanently coupled. 
See INTERCONNECTION. 


A hydraulic turbine using propellor-shaped blades, which 
are adjustable under load, to drive generating equip- 
ment. 


One thousand volts. 
One thousand watts. 


The amount of electrical energy involved with a one- 
kilowatt demand over a period of one hour. It is equiva- 
lent to 3,413 Btu of heat energy. 


A low grade coal of a variety intermediate between peat 
and bituminous coal. 


The balancing out of line impedance. 


The apparent opposition to the flow of alternating current 
that is analogous to the actual electrical resistance to a 
direct current. 


The amount of power needed to be delivered at a given 
point on an electric system. 


The point in which the loads of a given area are assumed 
to be concentrated for purposes of analysis. 


A curve showing power (kilowatts) supplied, plotted against 
time of occurrence, and illustrating the varying magni- 
tude of the load during the period covered. 


The difference between the sum of two or more individual 
peak loads and the coincident or combined maximum 
load, usually measured in power units. 


The ratio of the average load supplied during a designated 
period to the peak or maximum load occurring in the 
same period. 
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LOAD GROWTH 


MARGIN 


MEGAWATT (MW) 
MEGAWATT-HOURS (MWh) 


MINE-MOUTH STEAM-ELECTRIC 


MULTI-PURPOSE RIVER BASIN 


PROGRAM 


MULTI-PURPOSE TRANS- 
MISSION LINE 


NUCLEAR ENERGY 


NUCLEAR (ATOMIC) FUEL 


NUCLEAR POWER 
NUCLEAR REACTOR 
OUTAGE 

(IN) PARALLEL 
PARTICULATE MATTER 
PEAKING CAPACITY 


PEAKING LOAD 
PEAKING UNITS 


PLUTONIUM (pu) 


The growth in energy and power demands by a utility’s 
customers. 

The difference between the net system generating capability 
and system maximum load requirements including net 
schedule transfers with other systems. 

One thousand kilowatts. 

One thousand kilowatt-hours. 


A steam-electric plant built close to coal mines and usually 
associated with delivery of output via transmission lines 
over long distances as contrasted with plants located 
nearer load centers and at some distance from sources of 
fuel supply. 

Programs for the development of rivers with dams and re- 
lated structures which serve more than one purpose, such 
as—hydroelectric power, irrigation, water supply, water 
quality control, and fish and wildlife enhancement. 

Employment of a transmission line for more than one func- 
tion, such as regular transmission, wheeling, reserve capa- 
city, and peak capacity usage. 

Energy produced largely in the form of heat during nuclear 
reactions, which, with conventional generating equip- 
ment can be transformed into electric energy. 

Material containing fissionable materials of such composi- 
tion and enrichment that when placed in a nuclear re- 
actor will support a self-sustaining fission chain reaction 
and produce heat in a controlled manner for process use. 

Power released from the heat of nuclear reactions, which is 
converted to electric power by a turbine-generator unit. 

An apparatus in which nuclear fission is achieved in a self- 
sustained chain reaction. 

The period in which a generating unit, transmission line, 
or other facility, is out of service. 

Several units whose AC frequencies are exactly equal, oper- 
ating in synchronism as part of the same electric system. 

Solid particles, such as ash, which are released from com- 
bustion process in exhaust gases at fossil-fuel plants. 

That part of a system’s equipment which is operated only 
during the hours of highest power demand. 


The greatest amount of all of the power loads on a system, 
or part thereof, which has occurred at one specified 
period of time. 


Usually old, low-efficiency steam units, gas turbines, diesels, 
or pumped storage hydro used primarily during the peak 
load periods. 


A heavy, fissionable, radioactive, metallic element with 
atomic number 94. Plutonium occurs in nature in trace 
amounts only. However, it can be produced as a by- 
product of the fission reaction in a uranium fueled 
nuclear reactor and can be recovered for future use. 
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PONDAGE 


POWER (ELECTRIC) 


POWER FACTOR 


POWER POOL 


PREFERENCE CUSTOMERS 


PRIME MOVER 


PUMPED STORAGE 


REAERATION 


RESERVE GENERATING 
CAPACITY 


RESIDUAL FUEL OIL 


REVERSE-CURRENT RELAYS 


REVERSIBLE CAPACITY 


SEASONAL DIVERSITY 
SECONDARY HYDROELECTRIC 
ENERGY 


SERIES CAPACITORS 


SERVICE OUTAGE 


The amount of water stored behind a hydroelectric dam of 
relatively small storage capacity used for daily or weekly 
regulation of the flow of a river. 


The rate of generation or use of electric energy, usually 
measured in kilowatts. 


The percentage ratio of the amount of power, measured in 
kilowatts, used by a consuming electric facility to the 
apparent power measured in kilovolt-amperes. 


Two or more electric systems which are interconnected and 
coordinated to a greater or lesser degree to supply, in the 
most economical manner, electric power for their com- 
bined loads. 


Publicly-owned systems and nonprofit cooperatives which 
by law have preference over investor-owned systems for 
the purchase of power from Federal projects. 


The engine, turbine, water wheel, or similar machine which 
drives an electric generator. 


An arrangement whereby electric power is generated during 
peak load periods by using water previously pumped into 
a storage reservoir during off-peak periods. 


The process whereby the oxygen content of water which 
has been-depleted by heat from thermal power plants or 
by a deep position in a reservoir or otherwise is restored 
to normal level. 


Extra capacity maintained to generate power in the event 
of unusually high demand or a loss or scheduled outage 
of regular generating capacity. 


Oil remaining after the petroleum refining process is com- 
pleted. 


A sensing device (relay) used to actuate some other piece of 
equipment, such as a circuit breaker, when the power 
flow changes direction along a transmission line. 


The characteristic of a single machine permitting it to be 
used alternately as a motor-pump or turbine-generator. 
It is therefore important for pumped storage develop- 
ments. 


Diversity between two or more power systems which occurs 
when their annual peak loads are in different seasons of 
the year. 


Hydroelectric energy which is not available on a continuous 
basis under the most adverse hydraulic conditions con- 
templated. 


A bank of capacitors connected in series with an electric 
power transmission line which are used to control the 
magnetic component of line impedance. 


The shut-down of a generating unit, transmission line or 
other facility for inspection, maintenance, or repair. 
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SHUNT CAPACITORS 


SPINNING RESERVE 


STANDBY EQUIPMENT 


STEAM-ELECTRIC PLANT 


SURPLUS POWER 


SYSTEM, ELECTRIC 


TAP 


THERMAL PLANT 


THERMAL POLLUTION 


TIE-LINE 
TIME ZONE DIVERSITY 


TRANSFORMER 


TRANSMISSION 


TURBINE 


TURBINE-GENERATOR 


TURN-KEY PROPOSAL 


UNIT TRAIN 


VERTICALLY INTEGRATED 


SYSTEM 


VOLTAGE OF A CIRCUIT 


WATT 


Capacitors connecting from a power line to a grounded 
connection, usually designed to reduce that part of the 
electric current causing a poor power factor. 


Generating units operating at no load or at partial load 
with excess capacity readily available to support addi- 
tional load. 


Generating equipment that is not normally used but is 
available, through a permanent connection, to replace or 
supplement the usual source of supply. 

A plant in which the prime movers (turbines) connected to 
the generators are driven by steam. 

Generating capacity which is not needed on the system at 
the time it is available. 

The physically connected generation, transmission, distribu- 
tion, and other facilities operated as an integral unit un- 
der one control, management, or operating supervision. 

A connection from one transmission line to another or to 
a substation. 

A generating plant which uses heat to produce electricity. 
Such plants may burn coal, gas, oil, or use nuclear energy 
to produce thermal energy. 


Rise in temperature of water such as that resulting from 
heat released by a thermal plant to the cooling water 
when the effects on other uses of the water are detri- 
mental. 


‘Transmission line connecting two systems. 

Diversity between systems in different time zones resulting 
from time difference as it affects the demands for power. 

An electromagnetic device for changing the voltage of alter- 
nating current electricity. 

The act or process of transporting electric energy in bulk 
(usually at 69 kVA or higher). 


The part of a generating unit which is spun by the force of 
water or steam to drive an electric generator. The turbine 
usually consists of a series of curved vanes or blades on 
a central spindle. 


A rotary-type unit consisting of a turbine and an electric 
generator. (See TURBINE & GENERATOR) 


A job in which responsibility for all features of a develop- 
ment is undertaken by a single contractor. 


An entire train used for one purpose such as to transport 
coal directly from coal fields to a generating plant. 


Refers to power systems which combine generation, trans- 
mission, and distribution functions. 


The electric potential difference between conductors or con- 
ductors to ground, usually expressed in volts or kilovolts. 


The rate of energy transfer equivalent to one ampere under 
a pressure of one volt at unity power factor. 
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WHEELING 


Transportation of electricity by a utility over its lines for 
another utility; also includes the receipt from and de- 
livery to another system of like amounts but not neces- 
sarily the same energy. 


Sources: (1) Glossary of Electric Utility Terms prepared 
by Edison Electric Institute, 1961. Also EEI Nuclear Sup- 
plement (1961). (2) Glossary of Important Power and Rate 
Terms, Abbreviations, and Units of Measurement, 1949 
(GPO). (Prepared by a Subcommittee on Glossary of the 
Federal Inter-Agency River Basin Committee.) (3) FPC 
staff. (4) Nuclear Terms: A Brief Glossary. U.S. Atomic 
Energy Commission, 1964. 
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SUBJECT INDEX 


Administration and General Expense—See Cost of Elec- 
tricity 
Advisory Committee for Biology and Medicine, 6.19 
Gane Committee on Load Forecasting Methodology, 
AZ 
Advisory Committee on Reactor Safeguards, 6.7 
Advisory Committee on Reliability of Electric Bulk Power 
Supply, 15.1 
Advisory Committee on Underground Transmission, 13.16 
Ute POUUHON  Lije 1.c2-V.24, 3.0, 50h, Sonntati. 4.1 410, 
AG eA Ot Ot ECS, (Onto EELS. O19, Choke Deedee, 11.1 
Pita, 10.0,91010, 19.0, 21.) cabo aiveealats lt), 
2 ose LOS 
Air Quality Control Regions, 11,3, 11.5 
Air Quality Standards, 1.23, 1.30, 11.3-11.6, 11.9, 11.15, 
14:18, 16.1, 16.7, 21.14, 21.16 
Control of Pollutants—See also Precipitators, 1.22—1.24, 
1:29, 11-2-11.7, 11.9-11.18,. 21.2, 21.14, 21.16 
Costs—See Pollution Abatement Costs 
Quantities of Pollutants, 1.23, 1.26, 11.1-11.8 
Sources of Pollutants, 1.22—1.24, 1.26, 1.29, 11.1, 114 
BD 21016 
Types of Pollutants, 1.23, 1.26, 1.30, 11.1-11.15, 21.14, 
21.16 
Air Pollution Control Office, 11.10, 11.13, 11.17 
Air Quality Act of 1967, 11.3 
All-Electric Homes, 3.8 
Alternating Current—See Transmission and Distribution 
American Gas Association, 21.14 
American National Standards Institute, Inc., 14.4 
Atomic Energy Act, 6.7 
Atomic Energy Commission, 1.3, 1.16, 1.24, 1.28, 2.3, 2.9, 
3.16, 6.1, 6.5,.6.7, 6.10, 6.12, 6.17-6.21, 6,23, 9.8,' 11.9, 
16.3, 16.75°17.24, 19.5,.21.7-21:9, 21.12, 21,16..21.19 
Base Load Units—See Fossil-Fueled Electric Power; 
Nuclear-Fueled Electric Power (Use in Serving Loads) 
Bonneville Power Administration, 2.4, 17.7, 17.34, 18.11, 
20.10 
Breeder Reactor—See Nuclear Fueled Electric Power (Re- 
actor Types) 
Brownouts, 3.5, 3.11 
Bureau of Mines, 4.16, 4.21, 11.7, 11.9 
Bureau of Reclamation, 2.4, 7.20, 12.10, 20.9 
Calvert Cliffs Case, 1.3, 6.7 
Capacity Requirements—See Electric Power Supply (Gen- 
erating Capacity) 
Capacity Shortages—See Electric Power Supply (Shortages) 
Capital Requirements—See Electric Power Industry 
(Working Capital Requirements) 
Citizens Advisory Committee on Recreation and Natural 
Beauty, 12.1, 12.4 
Clean Air Quality Act and Amendments, 1.23, 11.3 
Colorado River Basin Project Act, 7.20 
Combined Cycle Plants—See Fossil-Fueled Electric Power 
(Use in Serving Loads) 
Commercial Use of Electricity—See Electric Power Re- 
quirements (Commercial Use) 
Communication Facilities, 13.10-13.13, 13.17, 14.5, 15.4, 
D714 LAAT) ROS 
Competitive Costs of Fuels—See Interfuel Competition 
Comprehensive Basin Planning, 7.16, 7.18-7.21, 7.23 
Consumer Price Index, 1.33, 19.1 


Cooling Water Facilities, 1.29, 3.6, 4.10, 4.22, 5.1, 5.3, 5.5, 
5.7, 6.13, 6.18-6.20, 7.2, 7.18, 8.2, 8.7, 9.2, 9.4, 9.6, 
10.1-10.8, 10.15-10.20, 11.8, 12.11, 16.7, 21.7, 21.15, 
PW le) 

Costs, 1.26, 10.2, 10.6-10.8, 10.16, 10.19 

Effects on Power Costs, 10.1, 10.8, 10.16, 10.20 

Multiple Purpose Uses—Cooling Ponds, 1.28, 10.2, 
10.10-10.12, 10.16 

Requirements, 1.25, 10.11, 10.17 

Size by Types, 10.3, 10.5-10.7 

Sources of Cooling Water, 1.25, 10.1-10.5, 10.13, 10.16 

Types, 1.25, 1.29, 10.1-10.8, 10.16 

Corps of Engineers, 2.5, 10.14, 12.10 

Cost of Electricity—See also Costs Under Distribution, 
Generation, and Transmission, Fossil-Fueled Electric 
Power, Hydroelectric Power, Nuclear-Fueled Electric 
Power, and Gas Turbines and Internal Combustion 
Engines, 127 1-145) 1225) 1-297 We33—-136; 2.7) 2.11, 3.3— 
3.6, 3.11, 4.20, 4.26, 5.2-5.5, 5.12, 6.13, 6.15, 8.2, 8.5, 
8.7, 11.1, 11.5, 12.1-12.3, 13.17, 14.1, 14.4, 15.3, 15.6, 
16.6-16.8, 16.10, 17.1, 17.27, 17.29, 18.3, 19.1-19.25, 
20.1, 20.3 

Administrative and General Expenses, 1.9, 1.35, 19.1, 
19.3, 19.8-19.10 

Annual Costs—See Electric Power Industry (Working 
Capital Requirements) 

Delays, Effect upon Costs, 1.2, 1.16, 20.14 

Fixed Charges 1:2,.>5.9 1:34, 19:1, 19.35.19.5,.19.10 

Fuel Cost—See also Nuclear (Costs) and Fossil Fuels 

(Costs) 1.3, 1.14, 1.34—-1.36, 19.3, 19.7, 19.10. 

General Plant Costs, 19.2, 19.4-19.6 

Investment Costs, 1.11.4, 1.9, 1.14, 1.16, 1.34-1.36, 19.1- 
LO 201 

Operation and Maintenance Costs, 1.4, 1.34, 19.1, 19.3, 
19.7-19.10 

Trends, 1.1, 1.4, 1.9, 1.14, 1.33-1.36, 19.1-19.11 

Working Capital Annual Cost—See Electric Power 
Industry (Working Capital Requirements) 

Council on Environmental Quality, 1.27, 11.4, 12.1 

Council on Recreation and Natural Beauty, 12.1, 12.4, 
27 

Deferred Taxes—See Electric Power Industry (Sources of 
Financing Needed Facilities) 

Delays in Providing Electric Facilities—See Electric Power 
Supply (Delays in Service) 

Department of Agriculture, 9.14, 12.7 

Department of Commerce, 10.15 

Department of Defense, 9.12, 10.14 

Department of Health, Education and Welfare, 11.13 

Department of Housing and Urban Development, 14.9 

Department of the Interior, 1.10, 2.5, 4.19, 9.14, 10.13- 
Ost Sele igae lel 

Department of Justice, 10.15 

Department of the Treasury, 20.9 

Depreciation—See Electric Power Industry (Sources of 
Financing Needed Facilities) 

Diesel Engines—See Gas Turbines and Internal Combus- 
tion Engines 

Direct Current—See Transmission and Distribution 

Distribution, 14.1-14.9 

Alternating Current, 2.1 
Cost—See also Cost of Electricity, 1.34, 14.1-14.4, 14.8, 
19.2-19.6, 19.8-19.10, 20.2-20.04, 20.7, 21.2 


Note: Referenced pages for this index do not include the Part Number (I) and only the first page number is listed 


when a subject is discussed on two consecutive pages. 
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Distribution—(Cont’d.) 
Direct Current, 2.1 
Esthetics—See Esthetics of Electric Power Facilities 
Loads—See Electric Power Industry (Loads) 
Reliability—See Electric Power Supply (Reliability) 
Systems, 1.4, 21.2 
Transformers, 2.1, 14.1, 14.4, 21.2 
Underground—See Underground Facilities 
Voltage Control, 14.3 
Voltage Levels, 2.1, 12.3, 14.3-14.5 
Diversity—See Electric Power Supply (Seasonal and 
Regional Capacity Exhange) 
Dollar Values, 1.3, 1.5, 1.9, 1.15, 1.33-1.35, 6.14, 19.1-19.11, 
20.1-20.4 
Ecological Effects of Thermal Discharges—See Heat 
Wastes (Impacts on Water Resources) 
Edison Electric Institute, 6.14, 9.4, 12.8, 13.12, 14.3, 21.1, 
21.18 
Electric Energy Consumption—See also Electric Power 
Requirements, 3.1—-3.18 


Research and Development Priorities, 1.31, 21.7, 21.9, 
21.20-21.22 

Research and Development—Responsibilities of Indus- 
try, 1.3, 1.8, 1.28, 1.31-1.33 

Service Areas, 2.4 

Site Selection—See Electric Power Supply (Site Selection) 

Size of Systems, 2.1, 2.4, 2.7, 17.1, 17.27, 17.29 

Sources of Financing Needed Facilities, 1.7, 1.30, 20.1- 
20.14 

Structure of Industry, 1.1, 1.3-1.5, 1.10-1.12, 1.82-1.36, 
2.1-2.11, 17.1-17.4, 17.27-17.29 

System Data, 15.1 

System Planning, 1.2-1.4, 1.16, 1.21, 1.32, 1.34, 15.1-15.3, 
16.5-16.10, 17.1, 17.4, 17.9-17.16; 17.225 17.26) 072g; 
17.3I=17.35, 18.1 18:13, 20.14 2).2ne blo 

Technological Gains, 1.3, 1.8-1.10, 1.15, 1.21, 1.27, 1.34, 
1.36, 3:3, 3.12, 5.4,°5.6,-5.8,75,10, 19.3;,,20-cmeu es 
PANE Wie Wr Fo 1 Be Nee 

Working Capital Requirements, 1.1, 1.3, 1.9, 1.16, 1.35, 
19.1, 19.4, 19.9, 20.1-20.14 


Class of Use, 1.11, 3.17 Electric Power Requirements—See also Industrial Load 


Electric Loads—See Electric Power Requirements 
Electric Power Generation—See Generation 
Electric Power Industry, 1.1-1.12, 2.1-2.11 
Capital Outlay Trends, 1.9, 20.1-20.14 
Changes in Structure, 1.36, 2.7, 8.9 
Classes A & B Utilities, 2.8, 5.4, 17.30, 19.19, 20.1, 20.8, 
20.10 
Combined Electric and Gas Utilities, 2.8, 17.5, 17.11- 
17.13, 17.18-17.20 
Competition Between Systems, 2.6-2.9, 17.1, 17.30 
Construction Problems, 1.1, 1.16, 1.26, 16.1, 16.8 
Cooperative Systems, 1.10-1.12, 1.21, 2.1-2.3, 2.6, 14.3, 
VASE U7 Ope fll cl Sa lint onl del G—lye2 Om e22, 
17.24, 20.2, 20.4, 20.10, 21.7, 21.20 
Coordination of Systems, 1.3, 1.10-1.12, 1.15, 1.21, 1.26, 
1.31-1.34, 2.4, 4.11, 13.1, 13.4, 13.11, 13.18, 15.2, 15.5- 
15.8, 16.3, 16.6, 17.1-17.3, 18.1, 18.13-18.20, 19.1, 
19.3, 19.10, 20.12 
Economies of Scale, 1.12, 1.15, 1.17, 1.21, 1.29, 1.34, 1.36, 
2.1, 2.7, 3.4, 4.10, 5.3, 6.1, 7.6, 13.1, 13.4, 14.5, 15.3, 
17.1, 17.8-17.10, 17.14, 17.22-17.27, 17.29-17.35, 18.3, 
18.16, 19.1, 19.3, 19.10, 20.4, 20.12, 21.1, 21.7-21.10, 
21.19-21.21 
Federal Systems, 1.10, 2.1-2.5, 2.7, 17.7, 17.10, 17.12, 
17.15, 17.18-17.20, 17.24, 20.2, 20.4, 20.9, 21.20 
Financing Additional Facilities, 1.7, 1.34, 3.6, 16.1, 16.4, 
20.1-20.4 
Functions by Systems, 2.3 
History, 2.1 
Integrated Systems, 1.9-1.12, 2.1, 2.4 
Investor-Owned Systems, 1.9-1.12, 2.1-2.4, 2.7-2.9, 17.4, 
17.9-17.13, 17.15, 17.18-17.20, 17.24, 20.2-20.13, 21.2, 
21.7-21.9, 21.12, 21.20 
Load Centers, 1.26, 18.2, 18.4, 18.13, 18.16-18.19 
Load Reductions, 1.2, 1.4, 1.16, 16.2, 17.15 
Load Shedding, 1.2, 1.4, 15.4, 17.32 
Loads, 14.1-14.3, 14.5, 15.6, 18.21 
Outlook for Future—See also Electric Power Require- 
ments (Growth and Growth Rate), 1.1, 1.3, 1.5-1.10, 
1.15, 1.27, 1.34, 1.36, 20.2, 20.12-20.14 
Ownership Classification, 2.2, 2.7, 7.8, 7.18 
Ownership Patterns, 2.2, 2.7, 7.8-7.10, 7.13-7.18 
Public Non-Federal Systems, 1.10-1.12, 2.2-2.7, 17.4, 17.9- 
1 ee es ee ke 4 ee Wy So 4 A 
20.9, 21.20 
Regional Distribution of Systems, 2.3, 17.9-17.20, 17.25, 
17.28, 17.31-17.35 
Regulation, 1.1, 1.3, 1.5-1.10, 1.16, 1.28-1.25, 1.31, 1.38, 
2.1) 2:92:11, Gib, O10) OO, Cel lpnselOmaclOnliageelilnae 
15.4, 16.1, 16.5-16.10, 20.18 
Ree and Development Financing, 1.8, 1.28, 1.81- 


Research and Development Needs, 1.1, 1.8, 1.5, 1.8, 


1.27-1.88, 19.9, 21.1, 21.8, 21.7-21.9, 21.12, 21.16, 
21.20-21.22 
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Requirements; Residential Use of Electricity; Outdoor 
Lighting; and Transportation Use of Electricity, 1.5, 
1.10-1.14, 3.1-3.17 
Air Conditioning, 3.1, 3.6, 3.8 
Commercial Use, 1.11-1.13, 3.17 
Factors Influencing Demand, 1.1, 1.5, 1.12, 1.14, 3.1, 3.3- 
3.6, 312, 14.1; 1455189 
Growth and Growth Rate, 1.1, 1.4-1.14, 1.16-1.18, 1.21, 
1.34, 2.1, 3.3-3.5, 3.11, 3.15, 8.1, 8.6, 8.9, 12.2) 1445 
16.5, 18.3, 18.8, 19.3, 19.8-19.10, 20.1, 20.127 20:14; 
2UT 2h 8 
Industrial Use—See Industrial Load Requirements 
Internal Energy Consumption, 1.13, 3.1, 3.8, 18.29 
Load Building Potentials—See Industrial Load Require- 
ments; Residential Use of Electricity; Outdoor 
Lighting; and Transportation Use of Electricity 
Load Characteristics, 3.1-3.3, 3.6, 16.6, 17.1, 17.26, 18.3, 
18.8-18.10, 18.20 
Load Projection Types, 3.11, 16.1, 16.5, 16.9, 18.9 
Load Projections by Power Supply Areas, 3.13-3.15 
Load Projections by Regions, 3.11-3.17, 17.17, 18.1, 
18.10, 18.18, 18.21, 18.23-18.29, 19.7, 19.10 
Load Projections by Systems, 3.11, 16.5, 18.10 
Load Projections for Nation—See also Nuclear-Fueled 
Electric Power (Generation) ; Hydroelectric Power 
(Generation); and Fossil-Fueled Electric Power 
(Generation) 1.5, 1.7, 1.12, 1.14, 1.16-1.19, 3.13-3.18, 
6.1; 6.7, 8.6, 8.9, 112° 115," 181-185, 18-6. cen 
18.14, 18.25, 18.29, 19.7-19.10, 20.14, 21.5 
Load Projections, Need for, 1.14, 3.11, 16.5 
Loads—See also Electric Power Supply (Generating 
Capacity) , 1.1, 1.11, 3.J, 3.3, 9.1 
Peak Demands, 1.2, 1.4, 1.12, 1.14, 1.16, 3.1-3.3, 3.6, 3.14, 
15.6, 15.12, 16.5, 17-2, 17.23, 17.26, 17.2e,;0h8.)qeeeees 
18.20, 18.23 
Pumping Energy Needs for Pumped-Storage Develop- 
ments, 18.1, 18.6, 18.29, 19.7 
Residential Use—See Residential Use of Electricity 
Space Heating, 1.14, 3.1, 3.5 
Transportation—See Transportation Use of Electricity 


Electric Power Supply—See also Generation, Transmission 


and Distribution, 1.10, 1.13-1.18 

Automation, 1.29, 5.2, 5.5, 5.9, 5.13, 6.17, 7.1, 7.8, 15.2, 
15.4, 15.9, 1430, .2145 207, atae 

Costs—See Cost of Electricity 

Delays, Effect Upon Supply and Reliability—See also 
Nuclear-Fueled Electric Power (Delays in Con- 
struction), 1.1, 1.5, 8.1, 11.1, 15.3, 16.1-16.4 

Delays in Service, 1.1, 1.5, 1.9, 1.16, 8.5, 8.12, 18.1, 
6.1-16.10, 17.4, 17.29, 18.8, 20.14 

Sel hae Power, 15,4, 15.8,) 17.1, (17.7, °17.8, 17.28, 
17.25, 17.29, 18.11 

Fuel Requirements and Availability—See also Fossil 
Fuels (Requirements) and Nuclear Fueled Electric 
horns ia Requirements and Supply) , 1.15, 1.18- 


Electric Power Supply—(Cont’d.) 
Generating Capacity—See also Generation, 1.1, 1.7, 1.11, 
Vara 7119; -1.22,,.5.1,.5.10,78.6,, 9.18, 15.12, 16.1— 


4.27, 10.15, 11.3, 11.7, 11.13, 12.2, 15.1, 15.6, 16.1, 16.4, 
16.7-16.10, 17.14, 17.17, 17.22, 17.29, 18.1-18.3, 18.9- 
18.13, 19.2, 20.5-20.10, 20.13, 21.1, 21.21 


16.3, 16.5, 17.3, 17.15-17.17, 17.23-17.26, 17.28, 17.30- Federal Power Commission Licensing Procedures—See 


17.34, 18.1-18.3, 18.7, 18.9, 18.21-18.29, 19.3 
Generating Centers, 1.26, 18.4-18.6 


Hydroelectric Power (Federal Power Commission Li- 
censing Procedures) , 7.3, 7.16 


Interruptible Loads, 15.6 Federal Radiation Council, 6.19, 21.19 
Lead Times Required, 1.2, 1.5, 1.9, 1.14, 15.2-15.4, 16.5- Federal Regulation—See Electric Power Industry (Regu- 
16.10, 20.1 lation) 
Maintenance Schedule Allowances, 18.8-18.10, 18.21 Financial Requirements—See Electric Power Industry 
Outages, 1.6, 1.15, 1.17, 5.9, 15.7, 15.12, 16.2, 16.9, 17.2, (Working Capital Requirements) 
17.8, 17.28,.17.34, 18.8, 21.2, 21.19 Fixed Charges—See Cost of Electricity 
Regional Distribution, 18.3-18.5, 18.12, 18.21, 18.25— Flood Control Act of 1944, 2.5 
18.27, 19.10 Fossil-Fueled Electric Power—See also Generation, 5.1—-5.14 


Reliability, 1.1-1.3, 1.5, 1.14-1.18, 1.21, 1.27, 1.29, 2.8- 
2.11, 3.3, 3.11, 5.3, 5.10, 5.14, 12.8, 14.2-14.5, 15.1- 
15.12, 16.1-16.6, 17.1, 17.4, 17.9-17.17, 17.22, 17.25, 
17.27, 17.29-17.35, 18.1, 18.3, 18.8, 18.11-18.13, 
18.16-18.18, 18.20, 19.3, 20.12, 21.2, 21.4, 21.7, 21.10, 
21.19 

Reserves, 1.2, 1.4, 1.6, 1.14, 1.16, 15.6, 16.2, 17.1, 17.4, 
17.7, 17.10, 17.14, 17.16, 17.22, 17.26, 17.31, 18.1- 
18.3, 18.8-18.10, 18.18, 18.21, 18.23 

Revenues—See also Electric Power Industry (Working 
Capital Requirements) 

Seasonal and Regional Capacity Exchange, 1.2, 1.15, 
17.23, 17.34, 18.10, 18.12, 18.17, 18.20 

Shortages, 1.1, 1.4-1.6, 1.16, 3.4 

Shutdown of Generators During Emergencies, 15.7-15.9 

Site Requirements, 1.26, 18.3, 18.6, 18.26 

Site Selection—See also Environmental Protection, 1.6, 
1.18, 1.20, 1.25, 4.5, 4.26, 5.1, 5.3, 6.17-6.19, 8.2, 8.7, 
10.2-10.4, 10.6, 10.13, 10.16, 10.20, 11.1, 11.5, 12.1, 
12.3, 12.5, 12.7, 12.9-12.12, 14.5, 16.1, 16.8, 16.10, 
17.17, 17.34, 18.1, 18.12, 21.5-21.7, 21.18 

Electric Power Transmission—See Transmission 

Electric Research Council, 1.3, 1.31, 9.5, 12.8, 21.1, 21.3- 
21.5, 21.16, 21.19-21.21 

Electric Research Institute, 1.32 

Electric Utility Industry Task Force on Environment, 
12.1, 14.7 

Electrical Appliances Approximate Wattage Ratings, 3.9 

Electrical Equipment Manufacturer’s Role in Research 
and Development, 1.31, 21.1-21.5, 21.8, 21.12, 21.19, 
21.21 

Electrical Loads—See Electric Power Requirements 

Energy Consumption for All Purposes, 1.4, 1.6, 1.28, 3.3 

Energy for Generating Electricity, 1.4, 1.6, 1.12, 3.3 

Environmental Policy Act—See National Environmental 
Policy Act of 1969 

Environmental Protection—See also Pollution Abatement 
Costs and Electric Power Requirements (Factors In- 
fluencing Demand), 1.1-1.10, 1.13, 1.16, 1.20, 1.22- 
1.28, 1.32, 1.34-1.36, 2.9-2.11, 3.5, 4.3, 4.7, 4.10, 4.16, 
4.19, 4.26, 4.29, 5.1, 5.3, 5.7, 5.9, 5.12, 6.1, 6.5, 6.7, 6.13, 
6.20, 7.16, 7.18, 7.23, 9.8, 10.1, 10.16, 10.20, 11.1, 11.3- 
11.7, 12.1-12.3, 12.10, 13.1, 13.6, 13.18, 16.4-16.6, 16.9, 
Wee lel Gul co lel Sal LS-osuel orl 2. a1 OL 19.350819:6: 
19.8, 20.2, 20.12, 21.1-21.3, 21.6, 21.12, 21.16-21.19 

Environmental Protection Agency, 1.24, 1.27, 1.30, 2.10, 
PS MOO MLONS leo LielOS LEIS Ae 7. 12221] 

Esthetics of Electric Power Facilities—See also Environ- 
mental Protection, 1.3, 1.13, 1.23, 1.27, 3.6, 5.1, 6.19, 
Neb, Yates 7/ey, ICR, ils i eA Pa ali sale ale er, 
14.2, 14.5, 16.4, 16.6-16.8, 21.2, 21.6, 21.18 

Costs—See also Cost of Electricity, 12.2-12.6, 12.8 

Distribution, 12.2-12.6 

Generating Installations, 12.2, 12.9-12.12 

Guidelines, 12.1-12.3, 12.5, 12.7, 12.10 

Substations and Terminal Equipment, 12.5, 12.9 

Transformers, 12.4 

Transmission, 12.2, 12.5, 12.7-12.9, 12.11 

Federal Marketing Agency—See Department of Interior 
Federal Mine Health and Safety Law, 5.5 

Federal Power Act, 2.10, 7.19 

Federal Power Commission Actions and Studies, 1.1, 1.4— 


Automation—See Electric Power Supply (Automation) 

Costs—See also Cost of Electricity, 1.35, 5.1, 5.10, 6.1, 
6.5, 6.13, 18.3, 19.4, 19.6, 19.8, 19.10, 20.4 

Emissions—See Air Pollution 

Esthetics—See Esthetics of Electric Power Facilities 

Fixed Charges, 5.1, 5.3, 5.6, 5.8, 19.5 

Fuel Requirements—See Fossil Fuels 

Generating Capacity, 1.15, 1.17, 4.11, 5.1, 5.4, 6.1, 6.7, 
18.1-18.3, 18.6, 18.21, 18.23-18.29 

Generation, 4.1-4.6, 4.10-4.13, 4.17, 4.26, 4.29-4.31, 5.1, 
5.5, 18.4, 18.7, 18.17, 18.21, 18.28, 19.7, 21.7, 21.9- 
21Ar 1 

Generator Types, 5.2, 5.4, 5.6-5.9, 5.11-5.13 

Heat Rates, 1.15, 1.25, 5.6-5.8, 10.17 

Operation and Maintenance, 5.1, 5.4, 5.8-5.10, 5.14 

Performance, 5.10, 9.1, 21.9, 21.12 

Site Selection—See Electric Power Supply (Site Selection) 

Size of Installations, 1.15-1.17, 5.2—5.13, 7.5, 9.1, 10.4— 
10.7, 11.17, 18.3, 18.6, 18.25-18.27, 19.3 

Steam Temperatures and Pressures, 5.5-5.11, 5.13, 9.1 

Technological Gains—See Electric Power Industry 
(Technological Gains) 

Use in Serving Loads—See also Thermal Units, 1.17, 

1.19, 5.7-5.10, 5.12, 7.4-7.6, 10.20, 16.6, 18.6, 18.21 

Fossil Fuels, 4.1-4.31, 5.1, 18.21, 21.14 

Ash Content, 4.7, 4.10, 4.23, 11.6, 11.8, 11.15 

Coal Conversion, 1.21, 4.10-4.13, 11.6, 21.2, 21.14, 21.16 

Coal Resources, 1.20, 4.2-4.10, 4.26, 4.29-4.31, 5.5, 11.6 

Competition—See Interfuel Competition 

Consumption, 1.20, 4.2, 4.12-4.15, 4.17-4.20, 4.25, 4.27, 
4,29-4.31, 11.1, 11.6, 21.14 

Costs—See also Cost of Electricity and Interfuel Com- 
petition All 31.15,,1.19, 1 33-135, 4:2, 4.6, 45; 
4.10, 4.12-4.14, 4.16-4.19, 4.22, 4244.28, 5.4, 5.8, 
5.12, 11.6, 16.6, 19.4, 19.6-19.8, 21.15 

Decontamination of Gases, 1.20, 1.24, 1.29, 3.5 

Desulfurization of Fuels, 1.8, 1.20, 1.24, 1.29, 3.5, 4.10, 
4.19, 4.29, 11.6, 11.9, 21.14, 21.16 

Electric Power Generation—See Fossil Fueled Electric 
Power (Generation) 

Fuel Oil—See Residual Fuel Oil 

Heat Content Equivalents, 1.23, 4.2, 4.12, 4.23, 8.4, 11.6, 
11.14, 21.14 

International Trade, 1.16, 1.21, 1.35, 4.1, 4.7, 4.16, 4.18- 
4.20, 4.24, 4.28, 5.5 

Liquid Natural Gas, 4.12, 4.16, 4.24, 4.28, 21.15 

Market Characteristics, 1.3, 1.35, 4.1-4.3, 4.26, 4.31 

Natural Gas Resources, 1.20, 4.12, 4.15, 4.27-4.31, 5.12, 
11.6, 21.12, 21.15 

Oil Shale, 4.20, 21.15 

Outlook, 1.3, 1.15, 1.20, 1.24, 4.27-4.31 

Production, 4.2-4.4, 4.8, 4.16, 4.26 

Requirements, 1.18-1.21, 1.24, 4.14.4, 4.8, 4.27-4.31, 8.4, 
9.3, 9.12, 19.7 

Residual Fuel Oil, 1.21, 4.16-4.19, 4.28-4.31, 11.6, 21.14 

Shortages, 1.3, 1.16, 1.21, 4.3, 4.14, 4.18, 4.27, 17.29, 
17.34, 19.6, 21.15 

Sulfur-Content, 1.3, 1.15, 1.20, 1.23, 3.6, 4.3, 4.7, 4.10, 
4.17-4.20, 4.23, 4.29, 5.5, 5.10, 11.5-11.7, 11.15, 11.18, 
16.8, 19.6, 21.11, 21.14 

Transportation—See Transportation of Fuels 


L650 U2) lbs 2s V.2701234502.10503.12553.16, 4.24, Fuel Cells—See Other Forms of Generation 
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Fusion Reactors—See Other Forms of Generation (Fusion 
Reactors) 
Gas Survey, National, 4.14 
Gas Turbines and Internal Combustion Engines, 5.1, 5.9, 
5.11-5.13, 6.21, 7.5, 8.1-8.8, 9.4, 16.6 
Costs, 18.1, 19.4, 19.6, 19.8 
Esthetics—See Esthetics of Electric Power Facilities 
Fuel Costs—See also Fossil Fuels (Costs), 19.8 
Generating Capacity, 1.17, 18.1-18.3, 18.7, 18.23-18.25, 
18.28 
Generation, 18.6, 18.28, 19.8, 21.11 
Heat Rates, 8.5, 8.7 
Lead Times Required, 18.2 
Operation and Maintenance, 21.11 
Performance, 21.11 
Size of Installations, 21.11 
Use in Serving Loads, 1.3, 1.17, 1.19, 8.1, 15.8, 18.2, 
18.7, 21.11 
Gasification of Coal—See Fossi] Fuels (Coal Conversion) 
Generation—See also’ Fossil-Fueled Electric Power, 
Nuclear-Fueled Electric Power, Hydroelectric Power, 
Gas Turbines and Internal Combustion Engines, 
Total Energy Systems, and Other Forms of Genera- 
tion, 1.4, 1.11, 2.1, 3.11, 4.1, 4.29, 10.1, 11.2, 11.5, 13.1, 
15.1, 15.7, 18.1, 18.4-18.8, 18.17, 18.20, 19.8, 19.10, 21.7— 
21.14 


Capacity—See Electric Power Supply (Generating 
Capacity) 
Costs—See also Cost of Electricity, 1.34, 19.2-19.6, 19.9, 
20.2 


Environmental Effects—See Environmental Protection 
Esthetics—See Esthetics of Electrical Power Facilities 
Growth and Growth Rate—See also Electric Power Re- 
quirements (Growth and Growth Rate), 1.25, 1.27, 
4.17, 6.1, 6.7 
Maintenance and Inspection Practices, 15.9-15.11 
Size of Units, 1.29, 17.1, 17.24, 17.26, 17.33 
Trends, 1.3, 18.1, 18.9 
Geothermal Generation—See Other Forms of Generation 
Geothermal Steam Act of 1970, 9.14 
Gross National Product, 1.5, 3.12 
Heat Wastes, 1.25, 1.28, 2.10, 4.10, 4.31, 5.1, 5.12, 6.5, 6.13, 
6.16, 6.19, 6.21, 7.1, 8.2, 8.5, 8.7, 9.1, 9.8, 10.1-10.20, 
11.5, 16.7, 21.1, 21.3, 21.7-21.9, 21.16-21.19 
Dispersion Methods, 1.25, 1.29, 10.1, 10.3, 10.6 
Impacts on Water Resources, 1.23, 1.25, 10.1-10.4, 10.8— 
10.12, 10.16, 10.20 
Other Possible Uses, 1.25, 21.18 
Research Needs, 1.25, 1.29, 10.11, 10.20 
Hydroelectric Power, 2.5, 7.1-7.30 
Automation—See Electric Power Supply (Automation) 
Conventional Developments, 1.18, 7.1-7.3, 7.8-7.11, 7.13- 
7.16, 7.18, 7.21, 7.23-7,25, 7.28, 18.1-18.3, 18.13, 21.10 
Costs—See also Cost of Electricity, 7.6, 7.11, 7.21, 7.23, 
7.30, 19.4, 19.6, 20.4 
Esthetics—See Esthetics of Electric Power Facilities 
Federal Power Commission Licensed Projects, 7.7, 7.18 
Federal Power Commission Licensing Procedures—See 
also Electric Power Industry (Regulation), 7.11, 7.16, 
7.18—7.21, 10.12, 10.15 
Generating Capacity, 1.15, 1.17, 6.1, 6.7, 7.1, 7.5, 7.8-7.11, 
7.13-7.18, 18.1-18.3, 18.7, 18.19, 18.21-18.25, 18.28 
Generation, 4.1, 7.21, 7.23, 11.6, 18.4-18.7, 18.28, 19.8, 
ieee te LO 
Geographic Location by Regions, 7.2, 7.9-7.17, 7.23-7.27, 
7.29 


Imports from Canada, 7.23, 7.30 

Multiple Uses of Reservoirs, 1.30, 7.1-7.4, 7.7-7.10, 7.11, 
TAG LSS LoL 

Operation and Maintenance, 7.1, 7.6, 7.11, 7.16, 7.21, 
19.8 

Performance, 21.10 

Possible Future Projects, 7.21, 7.23 

Potential Development, 7.1, 7.21 

Pumped-Storage Developments—See also Electric Power 
Requirements, 1.3, 1.19, 3.8, 7.1-7.8, 7.10, 7.16-7.18, 
7.21, 7.23, 7.26-7.29, 9.10, 18.1-18.3, 18.6, 18.21 

Reservoir Stratification—See Thermal Stratification 


Safety, 7.18 
Site Selection. See Electric Power Supply (Site Selection) 
Sizes of Installations, 7.4-7.6, 7.9-7.11, 7.13-7.18, 7.24 
7.27, 7.29, 21.10 
Tidal Power, 7.30, 21.10 
Trends in Development, 7.1, 7.5, 7.8-7.11, 7.13-7.16 
Use in Serving Loads, 1.3, 1.17, 1.19, 7.1-7.8, 7.23, 15.5, 
15.8, 17510, 7535; 18:17 18.6 
Incinerators, 5.12 
Industrial Load Requirements, 1.5, 1.11, 1.13, 3.6, 3.12 
Electric Arc Steel-Making Furnace, 3.6 
Electro-Organic Synthesis, 3.7 
Induction Heating in Steel Industry, 3.7 
New Products, 3.3, 3.5-3.7 
Other Industrial Developments, 3.7 
Process Heating, 3.6 
Inflation—See Dollar Values 
Institute of Electrical and Electronics Engineers, 13.12 
Integrated Systems—See Electric Power Industry (Inte- 
grated Systems) 
Interfuel Competition, 1.15, 1.18, 1.34, 4.3-4.8, 4.14, 4.17, 
4.20, 4.22, 4.24-4.29, 5.5, 9.2 
Factors Affecting Competition, 4.14 
Internal Combustion Engines—See Gas Turbines and In- 
ternal Combustion Engines 
International Commission on Radiological Protection, 
ZVAS 
International 
Trade) 
Investments—See Cost of Electricity (Investment Costs) 
Land Use of Electric Power Facilities and Rights-of-Way, 
1:7,) 1.23) U:26, 3.10, 12.2592:7) 1210-12 125 16. GIG. 
Aller, 4 Ney! 
Loads—See Electric Power Requirements 
Magnetohydrodynamics—See Other Forms of Generation 
Managing The Power Supply and The Environment, (A 
Report to the Federal Power Commission), 22.1-22.14 
Mine-Mouth Plants, 1.26, 4.5, 4.10-4.12, 4.20, 5.5, 5.9 
Municipal Utilities Systems—See Electric Power Industry 
(Public Non-Federal Systems) 
Mutual Assistance Coordinating Task Force, 14.3 
National Academy of Engineering, 21.7 
National Air Pollution Control Administration, 1.23, 11.2 
National Coal Association, 21.16 
National Council on Radiation Protection and Measure- 
ments, 21.19 
National Electric Reliability Council, 1.22, 2.4, 15.1, 15.5, 
15.10; A 7aGye V7 ee 
National Environmental Policy Act of 1969, 1.3, 1.27, 2.10, 
6.7, 7.16, 10.15, 12.1 
National Gas Survey, 4.14 
National Power Survey Regions, 3.14-3.16 
National Rural Utilities Cooperative Finance Corp., 20.11 
National Science Foundation, 21.7 
National Water Commission, 7.20 
Noise Pollution—See also Air Pollution, 1.23, 1.27, 3.9, 
8.4.8.7) 12.55 12:12713.5, 1512, 166.221.6021) 
North American Power Systems Interconnection Commit- 
tee, 17.17, 17.21 : 
Nuclear-Fueled Electric Power, 1.15, 1.27, 1.31, 1.36, 6.1- 
G.2459, 9.0, 0008 
Automation—See Electric Power Supply (Automation) 
Costs—See also Cost of Electricity, 1.9, 1.16, 1.35, 6.1, 
6.5, 6.13-6.17, 18.1-18.3, 19.3, 19.6-19.8, 20.2, 20.4, 
21.8 
Delays in Construction, 1.3, 1.16, 6.5, 6.7 
Esthetics—See Esthetics of Electrical Power Facilities 
Fixed Charges, 1.35, 19.6 
Fuel Costs, 1.21, 1.35, 19.4-19.8 
Fuel Cycles, 1.28, 1.35, 6.11-6.14, 19.4, 21.7, 21.15 
Fuel Processing and Management, 1.24, 6.10-6.13, 6.20, 
4 TN rub a A 4s ba pA fed I 
Fuel Requirements and Supply, 1.9, 1.18, 1.20, 1.28, 6.10, 
G2h4, 6.225218; 21.15 
Fuels Inventory, 1.35, 21.15 
Future Reactor Developments, 6.21-6.24 


Trade—See Fossil Fuels (International 
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Nuclear-Fueled Electric Power—(Cont’d. 
Generating Capacity, 1.3, 1.15-1.18, 1.21, 6.1-6.5, 6.7, 
18.1-18.3, 18.6, 18.23-18.29 
Generation, 1.36, 2.9, 3.5, 4.1, 4.3, 4.6, 4.14, 4.20, 4.27, 
5.1, 5.5, 6.1, 6.15, 11.6, 16.7, 18.5-18.7, 18.13, 18.17, 
be.oise 6.25, 19.8, 21-7 
Geographic Location, 1.26, 6.1-6.6 
Heat Rates, 1.25, 1.28, 6.13, 10.17 
Lead Times Required, 6.2, 6.5, 6.7, 6.13 
Licenses and Permits—See also Electric Power Industry 
(Regulation) 4.6, 6.5, 6.7, 6.9, 6.13, 6.17, 6.19 
Nuclear Insurance, 6.9, 6.15 
Operation and Maintenance, 1.9, 6.14-6.17, 6.23, 19.6 
Performance, 6.9, 6.13, 6.15-6.17, 6.21-6.24, 18.6, 21.8, 
21.15 
Radioactive Wastes, 1.22-1.24, 1.26, 1.28-1.30, 2.10, 6.19, 
OS, EEG, 2175 21,15, 27 
Reactor Types—See also Other Forms of Generation 
(Fusion Reactors) 1.8, 1.21, 1.28, 1.31, 6.9-6.11, 6.13— 
6.15, 6.20-6.24, 9.4, 18.1, 19.3, 21-1, 21.8, 21.11, 21.15, 
PALS, Pall 
Regulation—See Electric Power Industry (Regulation) 
Safety, 1.29, 6.16-6.20, 6.22, 21.7 
Siting Criteria—See Electric Power Supply (Site Selec- 
tion 
Size of Pe eteied 1.16, 6.2-6.5, 6.9, 6.13-6.16, 6.21, 
6.24, 7.5, 10.2, 18.3, 18.6, 18.9, 18.25-18.27, 19.3 
Steam Temperatures and Pressures, 1.28, 6.9, 6.13, 6.21- 
6.24 
Use in Serving Loads—See also Thermal Units, 1.3, 1.17, 
1.24, 6.14, 6.16, 7.4-7.6, 10.20, 18.6, 18.21 

Nuclear Generation—See Nuclear Fueled Electric Power 
(Generation) 

Nuclear Radiation—See Nuclear Fueled Electric Power 

(Radioactive Wastes) 

Office of Air Programs, 21.16 

Office of Civil Defense Mobilization, 4.19 

Office of Coal Research, 9.4, 9.6, 9.10, 11.7, 21.14 

Office of Emergency Preparedness, 4.19 

Office of Management and Budget, 21.21 

Office of Science and Technology, 9.5, 12.1, 16.8, 21.12, 
21.21 

Other Forms of Generation, 9.1-9.15, 21.1 

Electrogasdynamics, 9.2, 9.5, 21.12 

Puele Gels 1.2991 0-002 eke 

Fusion Reactor, 1.8, 1.24, 1.28, 1.31, 9.1, 9.6-9.8, 21.2, 
7, Be ay 4 | 

Geothermal Generation, 9.1, 9.13, 21.12 

Magnetohydrodynamics, 1.29, 9.1-9.5, 21.2, 21.12 

Solar Generation, 1.29, 9.1, 9.12, 9.14, 21.12 

Storage Battery, 21.1 

Thermionic Generation, 9.1, 9.10-9.12, 9.14, 21.12 

Thermoelectric Generation, 9.1, 9.12-9.14, 21.12 

Outdoor Lighting, 3.11 

Pace Act of 1944, 20.10 

Particulates—See Fossil Fuels (Ash Content) 

Peaking Units—See Gas Turbines and Internal Combus- 
tion Engines; Fossil-Fueled Electric Power and Hydro- 
electric Power (Use in Serving Loads) 

Per Capita Use of Electricity—See Electric Power Require- 
ments (Factors Influencing Demand) 

Personal Income, 3.3, 3.12 

Plant Use Factor—See Gas Turbines and Internal Com- 
bustion Engines; Hydroelectric Power; Fossil-Fueled 
Electric Power and Nuclear-Fueled Electric Power 
(Use in Serving Loads) 

Plowshare Program, 4.16, 21.15 

Pollution Abatement Costs—See also Environmental Pro- 
tection, 1.7, 1.22, 11.3-11.5, 11.10, 11.13-11.15, 11.18 

Effect on Cost of Electricity, 1.20, 1.34, 11.13-11.15 

Population Growth, 3.3, 3.12 

Power Pools—See Electric Power Industry (Coordination 
of Systems) 

Power Supply Areas, 3.13-3.16 

Power System Communications—See 
Facilities 

Precipitators, 1.24,.1,29, 4.8, 5.13, 11.6, 11.8, 11.16, 16.8, 
21.16 


Communication 


Preference Customers for Federal Power—See also Electric 
Power Industry (Federal Systems) 2.5 
Price Anderson Act of 1957, 6.9 
Projections of Electrical Use—See Electric Power Require- 
ments (Load Projections) 
Public Utility Act of 1935, 2.2, 2.4 
Public Utility Districts—See also Electric Power Industry 
(Public Non-Federal Systems) 2.6 
Refuse Act of 1899, 10.12, 10.14 
Regional Advisory Committees, 1.11, 1.17, 1.34, 3.12, 3.15- 
3.17, 4.12, 4.14, 18.1-18.3, 18.8, 18.11-18.13, 18.16-18.21 
Regional Electric Reliability Councils, 1.15, 1.22, 2.4, 2.10, 
3:16,9015-1,815.6.015.8,615.125) 16:1, 017.10, 17.14-17 47, 
17.22, 17.27, 17.32-17.34 
Reliability of Electrical Supply—See Electric Power Sup- 
ply (Reliability) 
Research and Development—See Electric Power Industry 
Residential Use of Electricity, 1.11, 1.13, 3.8, 3.13, 3.17 
Revenue per Unit of Electricity—See Electric Power Sup- 
ply (Revenues) 
Rights-of-Way—See Land Use of Electric Facilities and 
Rights-of-Way 
Rural Electrification Administration—See also Cooperative 
Systems, 2.6, 20.10 
Secretary of Commerce—See Department of Commerce 
Secretary of the Army—See Department of Defense 
Secretary of the Interior—See Department of the Interior 
Securities and Exchange Commission, 2.9 
Service Interruptions—See Electric Power Supply (Reli- 
ability) 
Solar Generation—See Other Forms of Generation 
Southeastern Power Administration, 2.4, 20.10 
Southwestern Power Administration, 2.4, 20.10 
State Utility Regulation—See Electric Power Industry 
(Regulation) 
Steam Generation—See Thermal Units 
Steel Industry—See Industrial Load Requirements 
Storage Batteries—See Other Forms of Generation 
Structure of Electric Power Industry—See Electric Power 
Industry 
Task Force on Environment—A Report to the Federal 
Power Commission, 1.22, 22.1-22.14 
Team to Advance Research for Gas Energy Transforma- 
tion, Inc., 9.9 
Technical Advisory Committee on Distribution, 14.1, 
14,.6-14.9, 21.2 
Technical Advisory Committee on Generation, 5.1, 18.2, 
4S A 4 
Technical Advisory Committee on Reliability, 15.1, 17.17 
Technical Advisory Committee on Transmission, 13.12 
Technical Advisory Committee on Water Quality Stand- 
ards, 10.13, 10.16 
Technological Advances—See Electric Power Industry 
(Technological Gains 
Tennessee Valley Authority, 1.10, 2.2, 2.4, 4.10, 4.12, 4.21, 
LUO PAL Lil Ao too Loli s 20.0, 20h 
Tennessee Valley Authority Act of 1933, 2.4 
Thermal Effects—See Heat Wastes 
Thermal Stratification, 10.2, 10.9, 21.17 
Thermal Units—See also Fossil-Fueled Electric Power and 
Nuclear Fueled Electric Power 
Costs, 1.35, 21.18 
Generation, 1.15, 1.19, 9.1, 21.9 
Size of Installations, 1.17, 1.18, 18.9, 18.12 
Use in Serving Loads, 1.17-1.19, 1.34, 17.10, 17.35, 21.9 
Thermionic Generation—See Other Forms of Generation 
Thermoelectric Generation—See Other Forms of Genera- 
tion 
Total Energy Systems, 8.1, 8.7-8.9 
Transformers—See Distribution and Transmission 
Transmission, 1.21, 13.1-13.18, 14.1, 14.5 
Alternating Current, 1.8, 13.1-13.5, 13.14-13.28, 17.34, 
18.10-18.20, 21.3-21.6 
Costs—See also Cost of Electricity and Esthetics of Elec- 
tric Power ‘Facilities, 1.15, 1.34, 13.1, 13.6-13.8, 
13.11, 13.14-13.17, 17.9, 19.2-19.10, 20.2-20.4, 20.7, 
21.3-21.6 
Direct Current, 1.8, 1.21, 1.30, 13.1-13.4, 13.14-13.18, 
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Transmission—(Cont’d.) 

Direct Current—(Contd. 
17.34, 18.1, 18.11, 18.14-18.20, 21.6 

Esthetics—See Esthetics of Electric Power Facilities 

Insulation, 13.4, 13.8, 13.17, 21.3-21.7, 21.19 

Interconnections, 1.3, 1.5, 1.14, 1.21, 1.26, 1.34, 5.3, 5.9, 
TAL, 19st? 13.47513,1250135.14, 13485115. 35715.7, 16.2= 
16.4, 17.1, 17.8-17.10, 17.14, 17.17, 17.21, 17.27, 17.29- 
17.31, 17.34, 18.1, 18.9, 18.11-18.13, 18.15-18.20, 
BA Py 

Eine ?Losses,/ 1.13, .15.7,°13.10," 13-16). 17.9, 20.5 

Maintenance Inspection Practices, 15.10 

Mileage, 1.27, 13.4, 13.12, 13.14, 13.16, 16.4, 18.10, 18.16- 
18.18 

Outages, 13.12, 13.17 

Regional Distribution, 18.10-18.20 

Stability—See also Electric Power Supply (Reliability), 
aU ATS 1S 415,75 00S ie 14s 18.82) 14: 
Pate, 

Substations and Terminal Equipment, 1.3, 13.8-13.17, 
19.3, 21.4, 21.6, 21.18 

Surges, 184, 13.8-13.11) 13.17, 21:1,,21.35 21572119 

Systems, 1.4, 4.29, 13.1-13.4, 13.6-13.8, 13.11, 13.18, 16.2, 
17.14, 17.20, 17.24, 17-29, 47.3318. 1. 1S1 0-18.21, 
21.1-21.6, 21.18 

Terminal Equipment—See Transmission (Substations 
and Terminal Equipment) 

Undergrounding—See Underground Facilities 

Voltage Levels, 1.3, 1.8, 1.21, 1.26, 1.30, 1.35, 3.10, 4.5, 
4104.26, 12.50 129.) 131-13 18.5 115.3; 64ers As 
17.16, 17.24-17.26, 17.33, 18.10-18.20, 19.3, 21.1-21.7, 
ZAG 

Transportation Act of 1958, 4.21 


Transportation of Fuels, 1.16, 1.27, 5.5, 11.6, 12.11, 16.6, 
21.14-21.16 
Pipeline Slurry, 4.22, 21.14 
Pipelines, 4.24, 21.14 
Rail, 4.21 
Unit Trains, 4.21, 21.14 
Water, 4.21, 4.24, 4.27, 21.14 
Transportation Use of Electricity 
Electric Car, 3.9 
Electrified Transport—Railroad, 3.10 
Rapid Transit, 1.7, 3.10 
Underground Facilities, 1.3, 1.8, 1.21, 1.27, 1.30, 1.35, 3.6, 
12.2-12.6, 12.9, 12.12, 13.6, 13.14, 13.16-13.18, 14.1, 
14.4-14.9, 16.7, 18.10-18.13, 18.17, 19.3, 19.8, 21.1-21.7 
Utility Holding Companies—See also Electric Power In- 
dustry (Investor-owned Systems), 2.1, 2.4, 2.10 
Versatility of Electricity, 1.4, 1.14, 3.3 
Vertically Integrated Systems—See Electric Power Industry 
(Integrated Systems) 
Voltages—See Transmission and Distribution 
Waste Heat—See Heat Wastes 
Water Pollution—See also Thermal Effects, 1.7, 1.22, 1.24— 
1:25, 1.29,513.5544.5,.5.19 5Ape595. 6.190 71621004 eae 
16.1, 16.6, 16.10, 21.7, 21.18 
Water Quality Standards, 7.16, 21.18 
Water Quality Acts, 1.25, 7.16, 10.12-10.15 
Water Quality Regulation—See also Water Pollution, 1.25, 
1.30, 10.1-10.3, 10.12-10.17 
Water Resources Council, 7.19 
Weather—See also Electric Power Requirements (Factors 
Influencing Demand), 3.1, 3.6, 3.12 
Wild and Scenic Rivers Act, 7.21, 7.25 
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